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ARTICLE I. 


A NEW METHOD OF DETERMINING THE GHNERAL PERTURBATIONS OF 
THE MINOR PLANETS. 


BY WILLIAM McKNIGHT RITTER, M.A. 


Read before the American Philosophical Society, February 28, 1896. 


PREFACE. 


In determining the general perturbations of the minor planets the pritcipal diffi- 
culty arises from the large eccentricities and inclinations of these bodies. Methods 
that are applicable to the major planets fail when applied to the minor planets on 
account of want of convergence of the series. [or a long time astronomers had to be. 
content with finding what are called the special perturbations of these bodies. And 
it was not until the brilliant researches of HANSEN on this subject that serious hopes 
were entertained of being able to find also the general perturbations of the minor 
planets. HaANsEN’s mode of treatment differs entirely from those that had been pre- 
viously employed. Instead of determining the perturbations of the rectangular or 
polar codrdinates, or determining the variations of the elements of the orbit, he regards 
these elements as constant ‘and finds what may be termed the perturbation of the 
time. The publication of his work, in which this new mode of treatment is given, 
entitled Ausemandersetzung einer zweckmissigen Methode zur Berechnung der absoluten 
A. P. S.—VOL. XIX. A 


6 A NEW METHOD OF DETERMINING 


Stéirungen der kleinen Planeten, undoubtedly marks a great advance in the determina- 
tion of the general perturbations of the heavenly bodies. 

The value of the work is greatly enhanced by an application of the method to a 
numerical example in which are given the perturbations of Egeria produced by the 
action of Jupiter, Mars, and Saturn. And yet, notwithstanding the many exceptional 
features of the work commending it to attention, astronomers seem to have been de- 
terred by the refined analysis and laborious computations from anything like a general 
use of the method; and they still adhere to the method of special perturbations devel- 
oped by Lagraner. Hansen himself seems to have felt the force of the objections 
to his method, since in a posthumous memoir published in 1875, entitled Ueber die 
Storungen der grossen Planeten, insbesondere des Jupiters, his former positive views 
relative to the convergence of series, and the proper angles to be used in the argu- 
ments, are greatly modified. 

Hrx1, in his work, 4 New Theory of Jupiter and Saturn, forming Vol. IV of 
the Astronomical Papers of the American Ephemeris, has employed HANSEN’s 
method in a modified form. In this work the author has given formule and devel- 
opments of great utility when applied to calculations relating to the minor planets, and 
free use has been made of them in the present treatise. With respect to modifica- 
tions in HANSEN’s original method made by that author himself, by H1iu and others, 
it is to be noted that they have been made mainly, if not entirely, with reference to 
their employment in finding the general perturbations of the major planets. 

The first use made of the method here given was for the purpose of comparing the 
values of the reciprocal of the distance and its odd powers as determined by the pro- 
cess of this paper, with the same quantities as derived according to HANSEN’s 
method. Upon comparison of the results it was found that the agreement was prac- 
tically complete. ‘To illustrate the application of his formule, HaNnsEN used Egeria 
whose eccentricity is comparatively small, being about ;',. The planet first chosen 
to test the method of this paper has an eccentricity of nearly 4+. And although 
the eccentricity in the latter planet was considerably larger, the convergence of the 
series in both methods was practically the same. It was then decided to test the 
adaptability of the method to the remaining steps of the problem, and the result of the 
work has been the preparation of the present paper. 

HANSEN first expresses the odd powers of the reciprocal of the distance between 
the planets in series in which the angles employed are both eccentric anomalies. He 
then transforms the series into others in which one of the angles is the mean anomaly 
of the disturbing body. He makes still another transformation of his series so as to 
be able to integrate them. 
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In the method of this paper we at first employ the mean anomaly of the dis- 
turbed and the eccentric anomaly of the disturbing body, and as soon as we have the 
expressions for the odd powers of the reciprocal of the distance between the bodies, 
we make one transformation so as to have the mean anomalies of both planets in the 
arguments. These angles are retained unchanged throughout the subsequent work, 
enabling us to perform integration at any stage of the work. 

In the expressions for the odd powers of the reciprocal of the distance we have, 
in the present method, the La Place coefficients entering as factors in the coefficients 
of the various arguments. ‘These coefficients have been tabulated by RuNKLE in. a 
work published by the SmrrHsoniAn INnstiTUTION entitled New Tables for Determin- 
ing the Values of the Coefficients in the Perturbatiwe Function of Planetary Motion ; 
and hence the work relating to the determination of the expressions for the odd powers 
of the reciprocal of the distance is rendered comparatively short and simple. 

In the expression for A’, the square of the distance, the true anomaly is involved 
In the analysis we use the equivalent functions of the eccentric anomaly for those of 
the true anomaly, and when making the numerical computations we cause the eccentric 
anomaly of the disturbed body to disappear. This is accomplished by dividing the 
circumference into a certain number of equal parts relative to the mean anomaly and 
employing for the eccentric anomaly its numerical values corresponding to the various 
values of the mean anomaly. , 

Having the expressions for the odd powers of the reciprocal of the distance in 
series in which the angles are the mean anomaly of the disturbed body and the 
eccentric anomaly of the disturbing body, we derive, in Chapter II, expressions for 
the J or Besselian functions needed in transforming the series found into others in 
which both the angles will be mean anomalies. 

In Chapter IIT expressions for the determination of the perturbing function and 
the perturbing forces are given. Instead of using the force involving the true anom- 
aly we employ the one involving the mean anomaly. The disturbing forces employed 
are those in the direction of the disturbed radius-vector, in the direction perpendicular 
to this radius-vector, and in the direction perpendicular to the plane of the orbit. 


Having the forces we then find the function JV by integrating the expression 


ieee dQ dQ 
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in which A, and B are factors easily determined. 
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From the value of IW we derive that of W by simple mechanical processes, and 
then the perturbations of the mean anomaly and of the radius-vector are found from 


i). 02 te nf W.dat 
vo — inf (oe moe 


y being a particular form for g. 
The perturbation of the latitude is given by integrating the equation 


C being a factor found in the same manner that A and B were. 

It will be noticed that in finding the value of n. dz two integrations are needed ; 
in finding the perturbation of the latitude only one is required. 

The arbitrary constants introduced by these integrations are so determined that 
the perturbations become zero for the epoch of the elements. 

In all the applications of the method of this paper to different planets the circum- 
ference has been divided into sixteen parts, and the convergence of the different series 
is all that can be desired. In computing the perturbations of those of the minor 
planets whose eccentricities and inclinations are quite large, it may be necessary to 
divide the circumference into a larger number of parts. In exceptional cases, such as 
for Pallas, it may be necessary to divide the circumference into thirty-two parts. 

In the different chapters of this paper the writer has given all that he conceives 
necessary for a full understanding of all the processes as they are in turn applied 
And he thinks there is nothing in the method here presented to deter any one with 
fair mathematical equipment from obtaining a clear idea of the means by which astron- 
omers have been enabled to attain to their present knowledge of the motions of the 
heavenly bodies. ‘The object always kept in mind has been to have at hand, in conve- 
nient form for reference and for application, the whole subject as it has been treated by 
Hansen and others. Thus in connection with Hansen’s derivation of the function 
WV, to obtain clearer conceptions of some matters presented, the method of Brunnow 
for obtaining the same function has also been given. In some stages of the work 
where the experience of the writer has shown the need of particular care the work is 
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given with some detail. And while the writer is fully aware that here he may have 
exposed himself to criticism, it will suffice to state that he has not had in mind those 
competent of doing better, but rather the large class of persons that seems to have 
been deterred thus far, by imposing and formidable-looking formule, from becoming 
acquainted with the means and methods of theoretical astronomy. In the present 
state of the science there is greatly needed a large body of computers and investiga- 
tors, so as to secure a fair degree of mastery over the constantly growing material. 

The numerical example presented with the theory for the purpose of illustrating 
the new method will be found to cover a large part of the treatise. The example is 
designed to make evident the main steps and stages of the work, especially where 
these are left in any obscurity by the formule themselves. As a rule, the formule are 
given immediately in connection with their application and not merely by reference. 
It has been the wish to make this part of the treatise helpful to all who desire to 
exercise themselves in this field, and especially to those who desire to equip themselves 
for performing similar work. 

The time required to determine the perturbations of a planet according to the 
method here given is believed to be very much less than that required by the unmodi- 
fied method of Hansen. Nearly all the time consumed in making the transforma- 
tions by his mode of proceeding is here saved. _The coefficients b\ are much more 
quickly and readily found by making use of the tables prepared by RuNKLE, giving 
the values of these quantities. Doubtless experience will suggest still shorter pro- 
cesses than some of those here given and thus bring the subject within narrower limits 
in respect to the time required. If we compare the time demanded for the computa- 
tion of the perturbations. of the first order, with respect to the mass, produced by 
Jupiter, with the time needed to correct the elements after a dozen or more oppositions 
of the planet, computing three theoretical positions for each opposition, it is believed 
there will not be much difference, if any, in favor of the latter. 

Again, when we wish to find only the perturbations of the first order, experience 
will show where many abridgments may safely be made. And whenever the positious 
of these bodies are made to depend upon those of comparison stars whose places are 
often not well determined, it will be found that the quality of the observed data 
does not justify refinements of calculation. 

One of the things most needed in the theory of the motions of the minor planets 
is a general analytical expression for the perturbing function which may be applicable 
to all these small bodies. Thus if we had given the value of aQ in terms of a periodic 
series, with literal coefficients and with the mean anomalies of the planets as the argu- 
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d2 : oer 6 
ments, we would at once have a a by differentiation. And since 


a2  d& 
ar» tda2 


ponies whose expres- 


only two multiplications would be needed in finding the value of 
sion has been given above. 

In the present paper we have dealt only with the perturbations of the first order 
with respect to the mass. The method has been employed in determining those of the 
second order also for two of the minor planets ; but as those of Althea, the planct em- 
ployed in our example, have not yet been found, it was thought best not to give any- 
thing on the subject of the perturbations of the second order, until the perturbations of 
this order, in case of this body, are known. 

The writer desires here to record his obligations to Prof. Edgar Frisby, of the 
U.S. Naval Observatory, Washington, D. C., and to Prof. George C. Comstock, 
Director of the Washburne Observatory, Madison, Wis., for kindly furnishing him 
with observations of planets that had not recently been observed; to Mr. Cleveland 
Keith, Assistant in the office of the American Ephemeris, for most valuable assistance 
in securing copies of observed places. And to Prof. Monroe B. Snyder, Director of 
the Central High School Observatory, Philadelphia, he is under special obligations for 
the interest manifested in the publication of this work, and for continued aid and most 
valuable suggestions in getting the work through the press. 
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CHARTER I, 


Development of the Reciprocal of the Distance Between the Planets and its Odd 
Powers in Periodic Serves, 


The action of one body on another under the influence of the law of gravitation 
is measured by the mass divided by the square of the distance. If then A be the dis- 
tance between any two bodies, this distance varying from one instant to another, it 


: 2 4 ae : 
will be necessary to find a convenient expression for (=) in terms of the time. If 


r and 1’ be the radii-vectores of the two bodies, the accented letter always referring 
to the disturbing body, we have 


N= 4+ xr? — 2rr' 7. 


If we introduce the semi-major axes a, a’, which are constants, and their relation 


ie 
a ° 
a= 7, we obtain 


—2(2) (5) oH, (1) 
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IT being the cosine of the angle formed by the radii-vectores. 

Let the origin of angles be taken at. the ascending node of the plane of the dis- 
turbed, on the plane of the disturbing, body. Let II, Il’, be the longitudes of the peri- 
helia measured from this point; also let /, 7’, be the true anomalies, The angle 
formed by the radii-vectores is (f’ + Il’) —(f + II); and the angles f + I, f + WW, 
being in different planes, we have 


H = cos (f + II) cos (f’ + 1’) + cos Zsin (f + MT) sin (f’ + I), (2) 


I being the mutual inclination of the two planes. 
To find the values of 1, H’, J, let ® be the angular distance from the ascending 
node of the plane of the disturbed body on the fundamental plane to its ascending 
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node on the plane of the disturbing body. Let ¥ be the angular distance from ascend- 
ing node of the plane of the disturbing body on the fundamental plane to the same 
point. 
If x, 7’, are the longitudes of the perihelia, 
Q, 2’, the longitudes of the ascending nodes on the fundamental plane adopted, 
which is generally that of the ecliptic, we have 


l=za—Q—g®, Il = aw — Q — wv. (3) 


The angles ®, Y, 2 — &, are the sides of a spherical triangle, lying opposite the 
angles v7’, 180 — 2, J, 

2, v, being the inclination of disturbed and disturbing body on the fundamental 
plane. 

The angles J, &, ¥, are found from the equations 


sin $ Jsin $ (J + ©) = sin $(Q — Q) sin $ (¢ 4 72) 
sin § Jcos$ (JY + ©) = cos $(Q — Q) sin § (¢ — 2) (4) 
cos § Jsin § (¥ — ®) = sin $(Q — Q) cos $ (§ + 7) . 
cos § J cos $ (J) — ®) = cos $ (Q — Q) cos § (¢ — 7) 


In using these equations when Q is less than 9’ we must take 4 (360° + Q2— Q) 
instead of § (Q — Q’). 

We have a check on the values of Z, &, J, by using the equations given in Han- 
SEN’S posthumous memoir, p. 276. 


Thus we have 


cos p. sin g sin 2. cos (Q — Q) 


COs p. COS g =— COn.e 

cos p. sin 7 = cos ?. sin (Q — Q’) 

cos p. Cos Tr = cos (Q — Q’) 

sin p = sin?’ sin (Q — Q’) 5 
sin Jsin ® = sin p ( 4 
sin J cos © = cos p. sin (¢t — q) 

sin Zsin () — r) = sin p .cos (¢ — q) 

sin J cos (J) — r) = sin (@ — q) 

cos = cos p.cos(¢—q) / 
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: 4 
To develop the expression for (“); we put 


cos J.sin Il’= sin K, sin Il’ = &, sin AG, (G 
cos Il = k cos K, cos /cos Il’ = k, cos ies 8) 


and hence 


iT = cos f. cos f’.k cos (Il — K)-+ cos f.sin f’.k, sin (Tl — K,) 
— sin f.cos f’.k sin (1 — K)+ sin f. sin f’.k, cos (Il — A). 


Introducing the eccentric anomaly «, we have 


a ° j ° 
cos f = ~ (cos e—@), Bin jes ~ . COS  . sing, 


é being the eccentricity, and 9 the angle of eccentricity ; and find 
eee EL cos ¢.cos ¢.k cos (11 — K ) — cos ¢. ek cos (II— K) 
—cos «.¢k cos (11 — K) + e&k cos (11 — K) 
+ cos ¢.sin ¢’.cos ¢’.k, sin (Il — A,) — sin &’.€. cos 9’. k, sin (11 — A) 
— sin e.cos ¢.cos ?.k sin (I— K)+sine.é.cos ¢.k sin (1— XK) 
+ sin ¢. sin e’.cos ?. cos 9’. k, cos (Il — Kj). 


/ 


rr a : A\2 
oe fT in the expression for i) we have 


Substituting the value of 
ek — 1+ a’ — 2e. cos «+ e’ cos *« — 2aeek cos (11 — K) 
+ 2aeék cos (11 — K) cos ¢ —2ae’ cos ¢.k sin (II — K) sin ¢ 
— [2a°e — 2aek cos (1I—K) + 2ak cos (Il — KK) cos « 
— 2a cos >. sin (II — KX) sin «] . cos ¢’ 
— [ — 2ae cos 9’. k, sin (11 — K,) + 2a cos } cos 9’. k, cos (11 — Aj) sin ¢ 
+ 2a cos ¢’. k, sin (II — 44) cos ¢] . sin é’ 
+ a? é?. cos 7’. 
Putting 7, o, v2, for the coefficients of cos ¢’, sin +’, cos *e’, respectively, and y for 
the term not affected by cos «’ or sin ¢’, we have the abbreviated form i 


* 


ei = 7) — 1. 08 e — By. sin & + 72. cos *e’. (7) 


Bh 
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In this expression for Be Yu V1, and 3 are functions of the eccentric anomaly 
of the disturbed body; y. is a constant and of the order of the square of the eccen- 
tricity of the disturbing body. 

In the method here followed the circumference in case of the disturbed body will 
be divided into a certain number of equal parts with respect to the mean anomaly, g. 


o 360° 9, 360° 3 860° 360° 


" ; aos Set ee tae 


The various values of g will then be 0 


7 n “Hn n 


For each numerical value of g, the corresponding value of «¢ is found from 
J = «— esine. 


Before substituting the numerical values of cos ¢, sins, for the n divisions of the cir- 
cumference, the expressions for 71, 20, will be put in a form most convenient for 


computation. 
Let 
p.sin P = 20?© — 2ak cos (11—K) 4 
p.cos P = 2a cos 9’ k, sin (II — 4), ; 
and 
So =f. Simees i 5 
v1 =f.cos F; J 
we find ; 


Bo =f sin # = 2a. cos >. cos ¢’. k, cos (Tl — Kj). sin ¢ + pcos P. cos e— ep.cos P 
y¥, = f cosuf = (2u? —psin P). cos e—2x.cos o.ksin (II — A). sine + ep.sin P. 


And from these equations we find, since 


j.sin (2 — P) = f.sin cos P —fcos #. sin 
' f.cos(#’— P) = fcos #.cos P + fsin F’. sin P, 


j.sin (#— P) = [2a. cos >. cos ¢’. k, cos (II -— Kt yecoser: 
+ 2a.cos ».k sin(II—K). sin P]. sin e + [» — Qa?e sin ZA Cos e—ep 
f. cos (2? — P) = [2a.cos >. cos 9’. k, cos (11 — K,).sin P 


— 2a.cos p.k sin (1—K). cos P]. sine + 2a? .cos P. cose 


4 
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If we now put 


vsin V= 2a.cos¢.ksin (11— K) } 
vcos V = 2a. cos cos ?’. k, cos (II — K,) | 
wsin W = p— 2a’.~. sin P 
\ (10) 
W COS W =». cos(V_—P) | 
w,sin W\= v.sin iA V— P) | 
w,cos W,= 2a’.-.cos P, ] 
we get 
F.sin(#— P)=w.sin(e + W)—ep 
Ff. cos (#— P) = w,. cos (e+ IV,). (11) 
Further, if we put 
R=1-+ oc — 2a’. e?, (12) 
we have 
vo = R— 2e.cose + e?. cose + ey, 
or, ¥y) = R—2e.cose+¢.cos% +e .fcos F. (13) 


We find the value of 7, from 
Mose. 


The constants, k, Ky, k,, Ay, p, P, w, W, w,, W., R, are found, once for all, from 
the equations given above. For every value of ¢ we have the corresponding value of 
f and Ff from equations (11); hence, also the values of fsin /, fcos /, which are the 
values of 0) and y,;. Equation (13) furnishes the value of 7) by substituting in it the 
various numerical values of ¢, as was done for 3) and 7; The value of the coefficient 


y, being constant, we thus have given the values of Cy" for as many points along 


the circumference as there are divisions. 
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a 


A\2 F : : 
(-) = ¥o — 71 Cos &’ — Bo. sine’ + ¥2. Cos. ’¢ 


in the form 


(2)’ = [O—q. cos (¢ — Q)] [1—q- cos (¢ — Q))], (14) 


in which the factor 1 — q,. cos (e’ — Q,) differs little from unity. For this purpose, if. 
we perform the operations indicated in the second expression, and then compare the 


coefficients of like terms, we find 


¥y — C+q.q,38in Q.sin Q, 
1 = Y.cOsi) + gree Cis OG; 
¥2= 4-H. c0s(Q+ Q) 
Go=q.sinQ+q.C sin Q, 
0=sin(Q+ Q,). 


The last of these equations is satisfied by putting 


@= —Q. 


The remaining equations then take the form 


fs a a as Uae 
aM | 
n= (g—q.C).sin Q 


The expressions 


q-snQ=B+é ) 
q.cos V=¥%1—7 | ay 
GpaC sin. Qe ib) 
G:-.C. cos Gama 


satisfy the relations expressed by the second and fourth of equations (15, where 
C= Y0 a ‘e 

We have now to find expressions for the small quantities £, 7, ¢ found in these 
equations, 
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Fe orion (16) give 
g-gn. Csin®@ = (G) + &).&. 

The equation 

yy = C—¢q.qunsin’Q 
then becomes 

(Yo+$)S = (Go + &)& 
From (16) we have, also, 

q-h.C= (8+ 8)F + (ui —) 2, 

from which, since Y= 9|-G, and C= y+ ¢, we obtain 


= 


(Yet $)-%2= (Bo tE)E+ i —n) 2. 


Equations (16) give again 


(yi—n) & = (Bo. + &) x. 


When ¢ is known, £ is found from (a) ; and the difference between (a) and (6) 


Crm) amen’) = Ging) 1 
gives 7 when ¢ is known. 
The equations (a) and (c) give 
Be + 4 (yo +S) 5 = (Bo + 28) 
Gy +28 = Y1: : 5 


and hence 


B+ 4+ Qo=res 


A. ee S:— VOL. 9:4 B.S C. 
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(0) 


(c) 


(d) 
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Deduce the values of 8) + £, y,— 7 from (a) and (d), substitute them in (¢), we find 


The last equation then takes the form 
O=y1"-5— Be (y2—5) —4(y + S$) 2 —$).- 5. (¢) 


This equation furnishes the value of ¢; and with ¢ known, we find &, x, from equations 
already given. ‘The three equations giving the values of the quantities sought are 
1 5S 5 oD 


Oa 9a) a gO) ee Yo) 6 ae gs y= 0) 
S yt By E—(Mm+0)C =0F (er) 


n—y.n+ (yo +6) (7¥2—C) ue 


Finding the values of ¢, £, 7, from these equations, and arranging with respect to y., 


preserving only the first power, we have 


C —— a By” Y 
nn = Po ; y 

pa DA y, (9) 
[i as Be 

eS ine 

= Si eee 

| ee! 


Substituting these values in equations (16), they become 


q.sinQ = 85-5 at ae 


+ f% 2 
OQ. COs.) = ee Ae 
é Za nm + Bo oh (17) 
q CsinQ= Fey, 
(2 0 Teh 
va COs Q vo eye v2 


noting that C= y, 4+ ¢. 


If more accurate values of ¢, £, 7, are needed than those given by equations (q), 
we proceed as follows: 

Substitute the value of ¢ given by (g) in the second term of the first of equa- 
tions (/), we find, up to terms including y,”, 


= ale Brit Se ie 
¢ yaa ae Ba v2 —- 4. GC? ae A; Re)?" Yo —4, on 7 Ge + Be Yo» (18) 
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The last two of (f) give also 


—Hm=9 4) CH= 
Nn i 


xX 


Introducing the values of f, /, given by (11), putting 


Y= 72.+4.y72.2. cos? Fk 
y =y,—4. 77,2. sin (19) 
we have 
C= z.-sin*F, 
so that 
(20) 


C=y%+y7.sin*f. 


Moreover, since 
Rate Chea Pee, COMM LG 


we find from the expressions for &, 7, given above, 


Beane — fae". Siel, 
w—na=f.n'. cos #, 


if 
ae Cree (Ey: 
SA a 1 le ve ica 
age Cy! Bi Cy! 2 
peo a (21) 
Substituting these in the expressions for gsin Q, qcosQ, they become 
(22) 


Gein af. Soceiel 
gceos Q = f.7'. cos Lf. 
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The value of g, is found from 


ie 
ete 
qi q 


(23) 


The quantities g, g,, @ can be expressed in another manner. The equations (22) 


give 
tg Q=° ; : 
g' — f?. E*esin "7 eee 


SN yy 


from which we derive 


8 Nees ens Be 1 3 (5-5) -sin 4F+ ete. 
> = ee > 


log. q = log. f + § log. (£*. sin *J? + 7” cos °F). 


5 


Since y° and y” agree up to terms of the third order, the equations for & and 7 


give 
a Tee 
E fe 7 — 2F* ; 
or, 
af ah Se WE 9% (ij fu oF 
te hee 3 .) cos 2 
yyy = GR tet (BSF —F) & 
Further 
E” sin °F’ + 7” cos*#W = 142 - (zy. sin °“F’— 7’ cos °F’) — (st) 
and 


3 log. (&° sin ?#’+ x” cos?) = a *"F—y cos *f’) 


a 


Substituting the values of y, y’, OC, given before, we find 


C . 9 J 9 2 2 on 2 
Fi (x sin *F— 7’ cos °F) = o ra, -— (2 eo a cos 2F 


if ; f? 
— (ee ce —i) cos 4 


x sin° fh —y’ cos* Ff yP—Fs ( 


Cy 


Viet 


: 


, 
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The equation y, = q.q, gives 
log. ¥2 = log. ¢ + log. q: 
Putting 
log. g= log. f+ y, 


we have for ¢; 
log. g, = log. ee Ue 


Writing s for the number of seconds in the radius, and 2, for the modulus of 


the common system of logarithms, we find 


log.g =log. f+ y (24) 
log. q = log. i y 
in which 

ios Yo V2 2 BY) V2 7 
as s (es + r,) sin 27’+ 5 s(t — tr) sin 4.7 (25) 

Y= A is —Ay (SF + of ) cos 2'’—2, Go — +) cos 4/7 

And for C we have from the first of (15) 

C=y%+%2.sin *Q. (26) 


By means of the last three equations we are enabled to find the values of 
0, 9% %, C, with the greatest accuracy. The equations (17), where not sufficiently 
approximate, will, nevertheless, furnish a good check on the values of these quantities. 


All the quantities in the expression for 3 \ are thus known; and substituting their 


values corresponding to the various values of g, we have the values of ( “\" for the 


different points of the circumference. 
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Using the values of C, 9g, q, Q, just found, Hit, in his New Theory of Jupiter 
: A ; 
and Saturn, has given another expression for i) which we shall employ. 


To transform 


eh = (C— q. cos (¢ — Q)) (L—q. cos (¢ + Q)) 


a 


into the required form we put 


i= siny, Coen 

C ? q 

a=t93x%, b=t935% (27) 
sec } y. See 3 

N= oS 


vy OC 


Then 


(2)’ = C[1—sin z.008 (”— Q] [1—sin x -005 (¢ + @). 


Gq, 


Ake | sec” 4 (1 —sin x . cos (e’ — Q)) | | sec” EU (1 — sin Xi cos (e+ Q)) | 


sec’ 37 sec’ 3% 
— O [A+ to bx = 29 bx 08 (¢ SY A a 
~ sec” v7 sec’ 37, 


Substituting the values of a, b, VV, we get 


(=)" Ve E + a — 2a cos ( — ay? E + b° — 2b cos (¢ + Qa]? (28) 


We compute the values of a, b, NV, corresponding to the different values of g, and 


check by finding the sums of the odd and the even orders, which should be nearly the 
same. If we put 


E + a’ — 2a cos (e — Q) | = [3 b” + 6. cos 6+ 6°. cos 29 + 6°. cos 39 + ete. | 
E + 0 —2b cos (¢ + Qa = E B® + B® .cos(¢+ Q)+ B”. cos 2 (e+ Q) + ete. | 


nN y . 
where s = > ) = & — Q, we are enabled to make use of coefficients already known. - 
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: l 
For 2. cos 0, write # + * and then we have 


[1 + a — 2a cos 6 | — [1 + @—a («@ + =) | 
= a — qa | E = = | i 


Expanding we have 


oe s s s+tl1l 56.5, s stl s+2 93. s stl s+2 s43 44 
aa — . SS ee a =a -. 2 a il Ae 
[4 aw | Ay hi - 2 is 1 2 3 a6 1 2 3 4 
s s+t\l s+2 s4+838 4s 
eee eS SS 8 ee a's’ ete 
1 2 0 4 


Bey ttt] 043 
BenQ rg py te 
Gy Et ote] 5) 
Se tte+ Gay te 

EY tte bt eae rd) 

+ ete. 


But @ + ~ = 2cos 0, a? + +, = 2. cos 20, a + ~, = 2.0836, ete., 


ax 
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and henee 
2 > pi ke 2 
*)" ata (2. * ee) oi} ete. 

S'Siaie aes + 26+ § 1s+2\2s+3 ¢ 
0) — deo +224 ge 4 t(D) 3 
b' = Qsa| 1 +5. amen tee 2 1 a + ete 


s s-lee ssa 3 


e Dial  U 
@ 6 % Sale a8 2 9a i 468 a 
b = 2.5.5 {1 +5. 5 ee ae 


4 


z se [en 8 22 9 G se ‘ 4 
po 98 Se eg (+ ee ee 


and generally 


oma tt) G4I—)) (1 oe 
b= 2.7. en : a} it ee Bie oa 2 Fpl eye oT ete. 


. n e ; 7 . 
Since s = ,, we find from these expressions the values of the 6” coefticients for 


different values of 7. 
Runk«K Es has tabulated the values of 6 in a paper published by the SmrrTHsonraAn 
Institution. Thus the value of 


[1 + a’ — 2a cos (’e—Q)]~ 
is obtained with great facility. 
The value of [1 + 6’— 2b cos (¢ + Q)}"> is found in the same way. 
We now let 


B®, cos 27Q (30) 


Set 
5 ve 
1 (i) 
So = 6 Vie ieee 


And hence have 


(3). 

C DB “NARS 

{1 seal (1 

Ce = 5. NED ero 
s= 3. NSB 2G 
c= 4. NB coe 
so = }. Neb? ana 


‘etc.= ete. 
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Multiplying the’series [4 b + 6". cos 6 + 6°. cos 29 + 6”. 
+ B”), cos 2(e + @ + ete} 


by [4 B® + B® cos (e+ Q) 


noting that 6 = @— ¢, and arranging the terms with respect to 


we find 
e = 29, 6) + OY. 6 + be 

+ [d' (1) @() = (6 + # Ne Oy (b") a ae 
ae FE OO —— 62) sue (G0 
ze [o®). ce ae (6 ae 1 Ne (1) ate (BO 4. alk, 1) 
+ [ a ee AS )) gh) oe De 
ae [o®. ra +. (6° ae AG) yoD 4 (6% ae 6°) Ne 
= i +. (6 eee 6S) sg) ae (o%) me AC) 
ate etc. 

Now let 


k, cos K,= 6.6 + (Bo + BEY) ce + (6 + 6°) && 
k;sin K; (OEY) — GO) 5 + (6? — 


and we find 


(5) — k, [cos K;. cos 7 + sin Kj. sin.76] 
= k,cos («0 — K,) = k;. cos (¢Q@ — te’ — K;). 


Subtracting and adding the angle 2g, this becomes 


(4) =h,cos [4(Q—9)—K, + (ty —%') | 


= k,cos [4(Q—9) —K| cos .7(g—e’) —k;,. sin | i(Q-¥) 


If we put 


dy, == ie fon [¢(Q.—ga— 


A. P. S.—- VOL. XIX. 


Aye =7h,.8in [6(Q.—9.) — Ki ds | 
D. 
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(31) 


(33) 


— K;,|sin.i(g —¢’) (34) 


(35) 
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n being the number of divisions, we find 


(s 


c ) 
(=) — A. COS 2 (G,— &'.) — Aj, «SIN 1 (Ge — Ec) (36) 


If now, for the purpose of multiplying the series together, we put 


(8) 
i . ,cosvg +>. CO, sinvg (37) 


a (s) 


(c) (e 
A 
(s) 
A,, == 8,,.cosvg +2 8;,.sinvg 


we have 


(4 = ==ip: G,, cosrg + 3 GC. singe] COS 7 ( (gD [2 8. cosa Se eel sin ¢ (g—e’) 
(38) 


Performing the operations indicated we get 


(ce) 

>> cos (tg —te’).C,, cosvg—= rh a ,cos[(¢+r) g—te’ | +225 e , cos [(t—v) g—2' | 
(8) (s) (8) 

>> cos (14g —te’).C,, sinvng= 22s G sin[ (¢+v) g—ve’ ]|— >4 Es sin [(t—v) g—ze’ | 
(c) 


—2> sin (7g —v') S;, cosvg =—> *sin in [(¢-+») g—te’ |— >> Sane , sin [(¢—v) g—te’] 


- 


~ (8) . . 
— > sin («7g —ze’) S;, sinvg = SS1,. : "C08 [(¢+v) g—te’]—=>4 18, ,cos [(t—v) g—te' ] 
Summing the terms we find 


(“)" = 234 (0, S,,) cos [ (¢F ») g—te" ESE (C,, + S,,) sin [=F ») g—te’] (89) 


(ec) _(¢) 
From the formula of mechanical quadrature just given, we have C;, o, So when 


(eg: ate) 
vy =0; but we know that they are $. C;,,, § S;,o, as shown by their derivation. 


Thus : 


TE CON Gt Ci €08 9 + Oa. cos 2g + ete. 


aL 768 sin g + Ci sin eee 


? 


(c) (s) 
= C,, cos 1g + 2C,, sin vg 


(s) 


°) 
A; = i Nghe +8: COs g eS a coe 29 + ete. i % 
= 28, Dare hs ine . 
+ 8,1 8in g + 8,5 sin 2g + ete. j COS VJ + ., SIN vg 


Hence where v = 0, each series is reduced to its first term. 
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In the application of the very general formule care must be taken to note the 
signification of the various terms employed. 


In case of 
2 : a 
Awe - k,,. cos [¢ (Q.— 9.) — Ki, «| 


ey , A : id ee 
SN gems z Kee an [t (Q.— 9x.) — Ki], 


Oe Cw a ° eae ns 
n shows the number of divisions of the circumference; and we divide by ; in form- 
ing k,,, to save division when forming the coefficients ¢,, s,. 
The index and multiple ¢ shows the-term in the series 


3b + 5b” cos (e& — Q) + 6. cos 2(e — Q) + 6. cos 3(¢ — Q) + ete. 


The double index 2, x shows the term of the series of La Place’s coefficients and 
the particular point in the circumference. 


The index » shows the general term of the series expressing the values of 


3 nO) 
ix) 4ie) When we give to v values from v = 0, to the highest value of » needed in 
the approximation. 
2 
ine. 
n 


quantity. 


Kicy (QQ. — Gx.) — Ki, for each value of 2, there are n values of each 


Me. ty ow) (er) 
The next step is to express the m values of Ay , A, , A; , Ay , A» , ete., respec- 


tively in terms of a periodic series. And since these quantities are functions of the 
mean anomaly g, if we designate them generally by Y, of which the special values are 


VG See ye kee ree eee anaes ee 
we have 


+s, sing +s, sin 29 + ete. ) 


: 


Y = 3q + ¢, cos g + ¢, cos 2g -F etc. ) (40) 


The values of ¢,, s,, in this series are found from the 7 special values of Y. 
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From 


(¢) (8) 
A, ,or A, =$aq+¢, cos g + © cos 2g +4 ete. 


+s, sing + s sin 29 + ete, 


(¢) (s) 
and similarly, for every other value of x in A;,, A;,, we have a check on the values of 
¢,, 8, In each series. Thus if in case of sixteen divisions of the circumference we 
take g = 22.°5 and find the value of the series, the sum of the terms must equal the 


(c) (s) 
value of A;,, -A;,,, corresponding to g = 22.°5. And this check should be employed 


on each series, using that value of g that gives the most values of ¢c, and s, If 2 | 


top oe) 
extends to 7 = 9, we have ten separate checks for the values of A; ,, A; ,, respectively. 


In the equation 


Y=4e+ ¢,. cos g + ¢.cos 2g + c;. cos 3g + ete. 
+ s,. sing + s). sin 2g + s;. sin 3g 4+ etc, 


if the circumference is divided into twelve parts, each division is 30°. Then for the 


special values of Y we have 


ine 40 + Oy =F Cy = = LG, 


Y, = q+ ¢,. cos 80° + ¢,. cos 60° + e, cos 90° + ete. 
+ s, sin 80°+ s, sin 60° +8, sin 90° + ete. 


= to + ¢,. cos 60° + e,. cos 120° + ¢, cos 180° +4 ete. 
+s, sin 60° + s,. sin 120° + s, sin 180° + ete. 


Yn = 4eq+ ¢,.880° -te,. cos 300° G cos 270° ete: 
+s,.380° -+s,.sin 800°-+s, sin 270° + ete. 


In the same way we proceed for any other number of divisions of the cireum- 


ference. 
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Now let 
Om ot Veet) = Fa Ye 
esl | Vee (+): 2a YY, 
oy Fo Yeume (4) =e Ys 
6.1=%+%, Gy=%— Vs 
Then 
3(G + 2c) = (0.6)+ (2.8) + (4.10) 
3(¢q—2¢,)= (1.7) + (8.9) + (6-11) 
3(@+ %)= (0.6)—| (2.8) + (4.10) | sin 30° 
3(@— «¢)=|(1.7)+ (5.11)] sin 30°— (8.9) 
3(s2+ s,)=|(1.7)— (5.11)] cos 30° 
3(%2— s,) =| (2.8)— (4.10) | cos 30° 
3(4, + ¢)= (8) + [()— Gr) | sin 30° 
3(c,— “¢) = [ (4) — G¥) | cos 30° 
6.c = ($)—(4) + G) 
3(s, + 83) =| (4) + G%) | sin 30° + (8) 
3(s,— 83) = [ (%) + Gs) | eos 30° 
6.8; = (4)—(s) + 4): 


The values of these coefficients can be easily verified by finding the values of 
each one from the sum for all the different values of )’ as given in the series for 
Pe al oe. eo i: 

When we divide the circumference into sixteen parts, each division is 22.°5. We 
find the values of Y,, Yi, Y.,.... Yi, as in the case of twelve divisions. To find 
the values of c¢, and s,, in the case of sixteen divisions, we put 


eee ey, ey, = y, 
Li Oy ee) (4) 
(25210) ect Yin fp) to Vig 


7.15)=¥,+¥;- G)=V—Vs 


30 A NEW METHOD OF DETERMINING 


(0.4)=(0.8) +(4.12) (0.2)=(0.4)+ (276) 
(1.5)=(1.9) +6.13) Gs] 587 
(2.6) = (2.10) + (6.14) 
(3.7) = (3.11) + (7.15). 


Then 
A(cy) + 2. ¢,) = (0.2) 
ALG, 29) eles | 
A(c, +) = (0.8)— (412) 
A(c, obs = §{ (1.9) — (5.18) ]—[ (8-11) —(7.15) |§ cos 45° 
4(s, +) = §[(1.9)—(-18)| + [(8.11) = (7.15) |§ cos 45° 
4(s,—s,) = (2.10)—(6.14) 
8.c,= (0.4) — (2.6) 
8.s,= (1.5)— (3.7) 
A(e. +c) = (2) +[ Gs) — G%) | cos 45° 
4(c,— ¢;) ae ee cos 22 .°5 + | (2 37) — (+5) | cos 67 .°5 
ARE oe a | (2) — +z) | cos 45° 


A(c;—e;) = l(a) (<2 5) | sin a °5— —[G—- (455) )] sin 67.°5 
4(s, + s;) = (4) + ( 75) | sin 22.°5 + | (8) + (;8s) | sin 67 .° ; 
A(s;—$)) = | (er) Pa ir) | cos 45° +- ate 

4(s, + s,) | (4) + G5) | cos 22.° 5 — | (85) + (4s) | cos 67° 5 
4(s,—85) =| (fe) + G%:)] cos 45°— (4). ; 


When the circumference is divided into twenty-four parts, each part is 15°. 


Let 


(0.12)=¥,4+¥, (0.6)= (0. 12)5 (6.18) (y= (Ona) aes) 
(1-13)= Fit Yi (12%) = (1 1B ele eee 
ei et Yu 8) =(2. pate 0) (=e. ee 20) 


(11.23) = Yi + Ys (5. i ae i 4 (1. 23) yen a. 23) 
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Then 

6(q + 2.¢.) = (0.6) + (2.8) + (4.10) 
6(¢—2.¢.) = (1.7) + (8.9) + (6.11) 
6+) =(%) +[@)—G)] sin 80° 
ect, )) = =| (4 )— @ ) | cos 30° 
Ga +e) =(0.6)—| (2.8) + (4.10) | sin 30° 
6(—e,) =| (1.7) + (5.11)] sin 30°— (3.9) 
6) + 80) = | @) is Ge) | sin 380° + (#) 
6(8.— su) =[(8) + (is) ] cos 30° 
6(y+s,) = =|G¢ y— (,) | cos 30° 
6(s;—ss) = =| y)— G4 7) | cos 30° 

12.6 = ()—@) + Gr) 

12.5, = (4)—() + GA) 


Further, let 
Go) = Yo=— Fu 


Then 

6(¢ + eu) = Gs) +(@ ) — (44) | cos 80° + Gt) —G $s) | cos 60° 

6(¢,—e¢,) = [ (as) — GA 4) | cos 15° + ( -) — (37) | cos 45° + Ke; -) — (445) | cos 75° 
Pie G ) = (55) (a4) + (ss) 

6(q,— oe ) = § Ge) — G4) — Gs) — Ga) |— G2) — Ga) ]f cos 45° 

6(¢; + ¢,) = (44 —| (2; — 48) | cos 30° + Gs) —G $) | cos 60° 

6(¢,—¢, ) = Gs) — GH 1) | sin 15° —| (3; )—( x) | sin 45° + | G)—Gs) | sin 75° 
6(s, + sy) = [ (as) + (44 i) | sin 15° + [ (#5) + (2 x) | sin 45° + [ (87) + (5) | sin 75° 
6(s, — $n) = | (#e) + GS) | sin 80° + | Gis) + (iy) | sin 60° + G's) 

G(s; + % ) = }Gts) + i a ee 

6(s;— 8 ) = (Pr) — G's) + GE 

6(s,+s8,)= [ (ts) + (44 i) | cos 15° —| (3) -{- Go] cos 45° -L | (87) + (7 5) | cos 75° 
6(8;— 8; ) = [ (22) + $) | sin 30° —| (+45) ae (85) | sin 60° + (;%5). 
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When the circumference is divided into thirty-two parts, each part is 11°. 25 
Let 


(0.164)=Y¥,4 ¥, (0.8 )=@.16) +@8224) (OM) (Ors eae 
(1.17)= ¥.4+ Yn 0.9 ) =G17) GOs) ee ree 
(2.18)=¥,+ 7, (2.10) = @18) 020) We eG eo eee 
; (3.7) (5. Lie 
(15.31)= Yu+ Yq (7.15) = (023) + eaten 
(1s 3) =a 195 ese 
(3) = (0716) Se ze) (4) = (0.8 )—@. 
(1) = 317) Sages, ($e te oye op 
(4) = (2.10) — (6. 
ty) = (ig23) Sloe) QB] Cala 
Then 
8 (G+ 2.¢6) = (0.2) + (1.3) 
8 (¢o— 2.64) = (0.2) (1.3) 
8(@+ ey) = ($) +] Gs)— GS) ) | cos 45° , 
8(¢,—eu) =| ()—(¥s)] cos 22.°5 + | G3) — (+8) | cos 67 .°5 
8(q +e) = (9) 
8 (¢,— 2) =|()—- (3) | cos 45° 
8 (c+ no) =(¢)—| Gr) — GS) feos 45> 
8 (¢s— C0) =|()— (4) | sin 22 &5—| (a) (<5) | sin 67.25 


16.¢; = (0.4) — (2.6) 

8(s +Sy4) = Ke) + (+5) | sin 22 .°5 + Ga) “+ (+5) | sin 67 .°5 
8(%—su) =[(2)— (a8) | cos 45° + (+45) 

8 (Geb 85) ce>) =i (3) | cos 45° 

8(si— 2) = (%) 

5 (8 + 80) =[(4) + Gi) eos 22.°5—] 8.) + (ai) | cos 67 .° 5 
8(s5— Sw) = | (fs) — GY) |] 08 45° — (44). 


12) 
13) 
14) 
15) 
6 ) 
ie: 
12) 
13) 
14) 
15) 


Further, let 


THE GENERAL PERTURBATIONS OF THE MINOR PLANETS. 


lots ae Vig 
Gir) ee Ly 
Gr) to Vig 


And besides, let 


= [(2r) — (FB) J cos 11°.25 + [ (5) — (ss) | cos 78°.75 
B =| (#r) — 44) | sin 112.25 — | (45) — (G's) | sin 78°.75 
A’ =| (25) — (44) ] cos 22°.5 + [ (a) — (49) ] cos 67°.5 
Br =( (Cs) — G4) ]sin 22.5 —[(s) — Gp) ] sin 67°.5 
A” =|Gh)— (8 8) | cos 33°.75 + | (35) — (44) | cos 56°.25 
B’ =[ (85) — GB ] sin 33°.75 — [ ) — (44) | sin 56°.25 

A = (5) + | Gir) — GG) | cos 4b? 

BY” = (5) — | Gs) — 8) | cos 45° 
= | (ty) + (48) ] sin 11°.25 + [ (og) + (a5) | sin 78°.75 
= | (Pr) + (4) | cos 11°.25 — | (si) + (2's) | cos 78°.75 
ae 5) + (44) | sin 22°.5 + [ (%) + G8) | sin 67°.5 
= | (25) + 44) | cos 22°.5 —[ (8) + (48) | cos 67°.5 
ee ae L) | sin 56°.25 
D’ =[ (8s) + G8) | cos 33°.75 — | (5) + (G4) | cos 56°.25 


0" = | (ly) + GP) ] c08 45° + Gr 


A. aes Ss 


Dia [ (ts) + (42 2) | cos 45° — (,8;). 


SNOMED.) 1 


33 
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Then 


8 (¢, + ¢y) = AY + A’ 

8 (¢, — C5): = A+ A” 

8 (G+ 3) =e BD 

8 (c; — ¢3) = [A— A” + B+ B”] cos 45° 
8(G4- 6) = ba Bb 

8 (¢;—¢n) = | A— A’ —(B+ B") | cos 45° 
8(¢,+¢)= A” —A’ 

8 (¢;—¢ ) = B—B" 


8 (s, + 55) = C+ C” 

8 (s,—s,) = CC’ + C’ 

8 (s3 + 813) = | D + D’ —(C— Gs cos 45° 
8 (83 — $3) = D’ + D” 

8(s; + s,) = [D+ D’” + C— CC’) cos 45° 

8 (s;—sy) = D’— D” 

8 (s; +s) = D—D" 

8 (s;—s,)=—C'"4+ C’. 


The expressions for the determination of the values of c, and s,, just given, are 
found in HANsEN’s Ause’nandersetzung, Band I, Seite 159-164. 
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CHAPTER IT. 


Derivation of the Hepressions for Busset’s Functions for the Transformation of 
Trigonometric Serves. 


a n . e e ° 
The value of ( =) given thus far is found expressed in a series of terms the argu- 


ments of which have the eccentric anomaly of the disturbing body as one constituent. 
But as the mean anomaly of both bodies is to be employed, it will be necessary to make 
one transformation ; and the next step will be to develop the necessary formule for this 
purpose. HAnsEn, in his work entitled Hntwickelung des Products einer Potenz des 
Fadius Vectors et cet., has treated the subject of transforming from one anomaly into 
another very fully ; what is here given is based mainly on this work. 

Calling ¢ the Naperian base, and putting 


ico 6 em gS este aes 


we have 


also 


yy” = (eoste + /—1 sinze’) (cos? &’ + /—1 sin?’ &’) 
= cos (¢e—7' e’) + /—I1 sin (7 e’ —7’ &’). 


Denoting the cosine and sine coefficients of the angles (¢¢e—7@ e’) by (%,7,¢) 
and (4%, z’, s) respectively, the series 


#=>> (4,7, c) cos Ge—7? e' ) —TS/—1 (4,7, 8) sin @e— 72’) (1) 
can be put in the form 


F=13>3 §(40,c)—V/—1 (4,0, 8)} yy”. (2) 
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In a similar manner we get 
F=4.5 5 $((4,h',c)) -V—1 (GF, s8)) y' 2”, (3) 
where 
g— orl, 
We have now to find the relation between y and z. 
Let 


g = the mean anomaly, 
and ¢ = the eccentric anomaly. 


Then from 
g =e&—esing, 


introducing ./ —1, we get 
8 A/. — di 6 Cleo, 


IN 
Since 
2./—1.sine=y—y", 
we find 
gV=1= ¥—1—-$ yy) 
Now from 
Ege h 
y=", 
we obtain 


g /—1 = log. z, 
e /—l=log.y, 
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é a: Ad yim 
5 (y—y) = log. (02 ¥—¥?). (4) 


an = le lop. 2 dow (y.o2 as) : 


g=y.c FU-Y), q (5) 


From 
eee z=y.c 2U-7), 
ee ot (ys) (6) 
¥ yi = ee 5 U-y) | (7) 
© be denoted by 2; then 
oe BUY) ~ co they, ghey? , (8) 


oxy) — eV. hae Yt (9) 


bo % hes 
= Se ; 
‘YT 133 
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and 
F4 a2 jt 
(1+a.y +55 


chy g- Uy = 


ak eae 
(l—aa.y 1+ 


= A at a'r =A 
1,23 a 1.2.3.4°4 ae ete.) 


Performing the operations indicated, we have 


oy OA yee ie. [ers ANA 
ee eae (1—#i re or reg + Page t ete.) 
i h32 A 13S a) 
(7. — Pa 7 Tas — Papa ete.) (y —y) 
hey? niys Aeps a 5 
(ee Tr ees a 17,27.3.4 te ete.) (y +y’) 
ne? NPAs x . 
+ is eee ete. (y —y’) 
(+ ise =F ete.) (y- 14 yf); 
i234 fe 
bE 
hm xm hee Iii i” 
ee aC. trish eae 
4 ey oe 9 48) ha bd 
oxy yo 2 =1—72 aA eine re Tay tReet 
ahs eel} 
(+0—45 + tes pert te) 9-7) 
on ins .) (y y ii) 
‘ pe 4a 
i ip ee + apg ete. ry 
Co ae ) ( ac =*) 
ee 1,2.3 P234-— ote. a4 


€ zoaa F ete.) (y' +9") 
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As we may write h in place of 2, we have, thus, also given the value of chx(y—y")- 


Now put 
+o (—m) 
chey—y3) = 2, Im ys 
| 400 _(m) (10) 
ney) ee, Jina 
Then, from the preceding developments, we see that 
| (—m) ; m (m) 
Sin = (—1) BS) hr 
(m) m (m) ~ 
Ji, ee). Sa (11) 
(—m) (m) 
Sin a Si : 
Again 
+0  (—m) (0) (1) (—2) 5 (—8) Rae ) 
Pd a y= “atin Yo td -Y +dm-y + ete. | (12) 
(1) Qe-s* Che ( 
aa 3 Br) +o.” +Jo_n-y? + etc. J 
+o _(m) (0) (1) eae (3) 
> Snr ae a Sn ae Shr -Y “ae Sy Yo + Jin OF ae etc. | 
) fies ClS) 
ee a | 
td .yotdn .yrtdn .y +ete. J 


+o (—m) e Ss 
Comparing the values of >, J_» .y~" and ec" 2—-Y) 


we have 
(—1) (1) hz hops hii a5 
Jn =In =1A— to + eg — pee ete, ory”, 


Q) (1) R33 neas hi ; 
— Jim =In =Wi— a5 t+ pg pee + Ole, fory, 


(23) (2) he? hay hey e 
2 Sete ae ia as Deeg t ete, fory, 
(2) (2) hr? hays AG 

ef eh : + = ete. for y’, 


12. 12.2.3 1°.27.3,4 


etc = etc... = etc. 
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: +c, oa) je =I 
Comparing the values of 5_) Ji, .y™ and c’2(¥—Y¥™)s 
we get the same expressions for y” and y~". 


(ie .@) 
We see from the values of Ji, , J, , ete, found above, that the general 
term is 


(m) hmjm him+2,Jm+2 himt+4 pm+4 
Ar — 5 nw 129 2 O2 C -F ete. 
Wi) L?.2..m.m--+-1 1’,2?...m.m-+t-1.m-+2 


__  hmjm hen hin 
one al ~ Lm a 1.2.m+1.m-+2 a ete. ) (14) 
Further, we have 
e€ =r (m) 
gh === h x(y—y ) 5 y" = Js : Ls Tne 
and, by putting m= h—z7, 
this becomes 
; (h—7) P 
ee Poe 26 1 (15) 
Let 
fo  (h) 
eS ener 
as: (16) 
Y =e Eee 


Multiplying the second of these equations by 27". dq, 
we obtain 


‘ +o (i) 
Woe. Ole 2 5. dg. 


Integrating between the limits + 7 and — a, 
we have 


_(é) i} +7 


Py => ys oe Og eke 
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From 
ec! = Coogee \/— 1 sing, 
we have 
dz = (—sing + /—1.cosg) dq; 
also 
Zn = A/a cos G— sin g. 
Therefore 


dz=z/—1.dq, 


and (17) becomes 


etmy—1 


se 1 a h—l 
fe if Mier, ses OZ, 
22 1/— 1 ean 
Tn like manner we find 
‘(h) 1 qt y-—1 ; ad 
, = —— {f 2s Ue 
Qny/—1Y e-ry=1 
Integrating by parts we have 
(1) Calli! ae 
G.— : ; és ii Sag. Ss. Oe: 
Q7ry/— it a CT y¥—L 


(1) (i) 
Comparing this value of Q,; with that of P,, we obtain 


een) (—i) _ (i) 
sp TAs 1 OD ee) cod 
or 
OMe de). cae Ut) 
Ig: = h — FP LLIN 


1X 12% (ENA ONU, OAND-Ke TN 
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(18) 


(19) 
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Thus we have, between the mean and the eccentric anomaly, the relations 


(h—7) | (2 0) 


In the application of these relations, since 
=) a i. p—h 
Y — + oy 9 
the expression for /’ is changed from 
FH=kSzSGie)—v—-1 Gis) yy 


into 


F=132 §(6¢,c) -V—1 (42,8) y'. 2 Py. 2. 


The other value of /” is 
P= 43> $((G¥, 0) == 4 eee 


A comparison of these two values gives 


(Ww) 


; _(-#) Fy me 
((4, 0, ©), “(Cee i DN (4, a, ¢) (21) 


In transforming from the series indicated by (7, 7’, c) into that of ((7,h’,c)), it is 
evident that h’ is constant in each individual case, and 7 is the variable. 


Thus we find, beginning with 7’ = fh’, 


en pe (WW) pea Waa 
((4, h ) c)) = 7 C Jy v (2; Oe Cc) —- Uae ° haat (@, h'— 1 Cc) + ete. 


Re Oe . 
Soe) STs a ERTL, 0): ate 
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To transform from ((7, h’, c)) into (4, 7’, ¢) 


we have 


(’—V) 


ae «2 (-l’) , : : ; 
eee 202, (ee) = (2, bh’, c)). 


Here, 7’ is the constant, and h’ the variable; and for the different values of h’, begin- 
ning with hk’ = 7, 
we find 


(@—1)—#)) 


. . (0) . ° ° . 
(4,0,¢) =Jdyy((,0 ¢)) + Seay  ((47—1,¢)) 4+ ete. 


((#+1)—7)) 


+: Fess y ((4, v 4-1, c)) +- ete. 


The expression 


ip) hm jm ( We hd i no} 


a 1.m--1 a 1.2.m+1.m-+2 i 1.2.3.m-+1.m-++2.m+38 a ete.) 


eres Say 


; (m) 
enables us to find the value of -/,, for all values of m. 
A simpler method can be obtained in the following manner : 


Putting pee) in the form 


!(y,—4)-1 (0) (1) 
POAC Y) sear ER 


(-1) (2) (—2) 
J ,..y—d_,.y" Ytd..y” 
aca hs aiid eas) a ae Ee ee cl 


we have, for the differential coefficient relative to y, 


e ; ee fy—y-) (1) (2) ue (2) 
ts(i+y). 62 = Je + 2. Jie -ytete + Je Yo 2 y > +ete. 


If we multiply the second member of the first equation by h5(1+ y~), we have 


an expression equal to the second member of the second expression, and by comparing 
the two we find . 


, (m-+1) (m-1) fee © Ga ; 
hsiFetd.. bamd (22) 
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At 
Let 
(m) 
hy _ ; 
nt) — Pres (23) 
hs 
then 
(m) 7 m—1) 
hy hg Pm 
From this general expression we find 
me 7 
= af 8 
jon eee 
(2) (1) (0) : 
Fe =I Pr=F, Pir Pr (24) 
hs hs hy 
etc. eG. + agecu: 


From the values here given, since 


ing m by unity, 
(m--1) 


é 
£ 


m—1) 


2 
( 


is put equal to Pmy We have, by increas- 


hs es 
aay — Pm Pm 


h 


belo 


. mm . 
Putting 76 = Tm equation (22) 
> 


4 


takes the form 


Pn 7 Pm 1 + i — Tn > Pm 


From this we find 


Pn = ] 
1, == 
Tm— Pm-+4 
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We also have 


Dm Vn = Pm +19 ( 25 ) 
a form more convenient in the applications. 
(m) 
The general expression for J - is 
vy 
(m) (0) vA 
he =J e+ Pi+ Po+ Ps. + Pm (20) 
vo iy 
where 
(0) c i 9 
iy 4 


if we put J— ha. 


From the expression 
(h’—7’') 


((4, hi, = SB, OU RM = 9 * ae (4, 7%, ¢) 


it is evident that when h’ = 0, or when both 7 and /f’ are zero, this expression cannot 


be employed. 
To find the values for these exceptional cases let us resume the equation 


(i) 1 ettv—1 


res L~—h—l 
= —— a2 dz. 
i 2ry/—1 eatv—t Y 


When h = 0 we have 


(é) ottv=T 


0 Caer are 1 f ae 


y' 2 dz 
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46 
The equation 
g=y.c HY —Y) 
gives 
S = GS (Lt y) dy. (28) 
Hence 


(2) 1 Cre Bae 
0 eS ——— 


i—1 Co ine Ch iD 

Ss heen — — -y'”) dy. 
ia | a ee ee 

When p is a whole number 

+ry—1 


(__y.dy=0, 


« el 


except when » = 1, when this integral is 21./—1. 


Hence it follows that 
When 7 = 0, we have 


Using the expression 
Sea nas aa Longa er Seeders hs 
((4, h’,c)) = SP a (ey, Cc) ee tae eee (4,0’+ 1, ¢) 


—t 


(iH) 
+P_» (7’—1,c), 


we have 


((0, 0, c)) = (0, 0, c) — 27/ (0, i c) 


for the constant term, the double value of this term being employed. 
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For h’ = 0, we have 


(1, 0, c)) = (1,0,¢) —w (1, 1,¢) —v (1,—1,¢) 
(a 0, s)) = (1,0,s) —wv (1,1, s) —% (1, —1,s) 
(2 0,c)) = (2, 0,c) — 442, 1, ¢) —w (2,1, °) 
te. 0s) me, 1, a 2, — 1, 5) 


(2,0, 8) 


eter = ete: 


In what precedes we have put 


g = the mean anomaly, 
€ = the eccentric anomaly, 


c = the Naperian base, 


— ag Sl 
eae 


es 
Ve Ge 


and obtain 


gt — yl. ols y-y ul 


ee ee (Y— Ie), a 
yi = 2.02 y ) 


he(y—y-) - : Sparks 
where ¢?24—) ig expressed in a series, the general term of which is 


ara Jo Seg his 
es (1 lm--1 uF 


Thus 


fen? ioe 
h h mym 

= Aa eee (1 — 

. y : l.m-+1 a 


We have also put 


= ++ 
sy) > 


+o 


Pi (ie) ae Se In -Y5 


and since 


(—m) ~_(m) 
JS) — ha 9 


1.2.m--1.m-+2  1,9.3.m +1.m-+2.m-+3 


[pee 


(—m) 


Bi: 0 ae 


(m) 


1,.2.m--1.m-+2 fe 1.2.3.m-+-1.m-+2.m-+3 


4 ote.) ym 


+ ete. \y”. 


AT 
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have found 


if 
me h—, 


Again supposing 


; + 00 (h) ; 
f Ne v 
+o — (it) 


y' = Zam yee ° 2, 


we have found 


Thus we have 


(h—“) 


= - ake [ cos hg + sin hg ial : 


Equating real and imaginary terms, we have 


1 i face (hi) 
Cost = 5.2, J, .cos hg, 
h=o (h—7) (29) 


es ees : 
sin te = 5. Ban J, . sin hg. 
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We notice that 


(1) (—1) 
Ey =e — $6, 
iy 
hea = 
For all other values of 7 
0 
fest Mom 


If a large number of the -/ functions are needed they are computed by means of 
equations (24)-to (27), as shown in the example given in Chapter V. 
If we wish to determine any of them independently we have from 


ee re aie | 
ie= © batt aaa te | 
ee ee 
a 
Inge ae Et ee | 
si = (it [Ff 4] 


In these expressions we have written for 4 its value $e. 


Since / has all values from h= +o to—o we find any value of wh tie at- 
tributing proper values to h. 

From equations (29) we find the values of the functions cos vz, sin ve, In terms of 
cos hg, sin hg, and the J functions just given; always noting that when 2 = 0, we 
have only for 7 = +1, — $e as the value of the function. 

We can employ equation (22) when only a few’ functions are needed, or as a 


check. 
AS Pos; VOLE xk. G, 
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It may be of value to have 7‘ in terms of 2" and the J functions. From the sec- 
ond of equations (20) we have 


_ oe (2) 
yt SA Sy 2 ee ae), - Ze ane eee 


(2) oa ie 
— Jj, .21—4d,.2*— ty. 2 — ete. 


(0) (1) ‘ (2) us 
yt =—A+t A .2* + gn. > + gdm.” + ete. 


(2) (3) (4) F 
— Jj, .2 —tdy.2 —td,.2 —ete. 
(1) 0) | ee 
492 9 2 £ 2 
= —2J,.2 +2dy,.2 +4d,.2 + ete. 
(3) , ae 
—2J, .27 — 3d, . 27° — $y, . 2 — ete. 
57 oes 7 : 
Oe —2J, .27* + 3d,.27 + 2eh,.27° + ete. 
aia oe aes 
—2J,.2 —#d)y,.2 —2d3,.2% — ete. 


Then from 


y' + y= 2 cos te 
of ay 2 a pines 


we find the values of cos «, sin ¢, cos 2¢, sin 2e, ete. 
In case of the sine, as for example when 7 = 1, we have 


y—yt=2/—I1sine; butinz—z1=2/ —1sing, 


we have the same factor, 2 ./—1, in the second member of the equation. 
From 


r= a(1—e cose) 


we find 
@ = 1— 2e cos e + & cos *e 


(=) = 1 + 2e cos e + 3¢ cos *¢ + 4é cos *e + ete. 
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For cae we have 


r\2 
(=) = 1+ ge’— 2e cos « + $e cos 2e 


a 


But 


d a a ae . de son G 
la) = 2e sin e (1—e cos €) ag = 2e sin ¢, 


and 


(0) 


Site — bees, sige ey sing +$[ a +n | sin 2g-+4 (OR + dh | sin 8g + ete. 


Multiplying by 2e.dg we have for the integral of 5 nae ) 


(3) 


2 (4) 
=e CATR heey Y cos g— = i ae cos 2g — =* J + Ju |c0s 3g —ete. 
where c= 1+ 3e. 

By means of (22) this becomes 


PN2 (1) (3) 
(“) = 1-+-$e—4J, cosg yk cos 2g — 4J;, cos 38g — ete. 


; on 
In case of (=) , we have 


_3e’. cos *e = $e (1 + cos 2e), 4¢’ cos *e = ' (3 cos € + cos 3e), 
5e* . cos *e = $e (3 + 4c0s Ye + cos 4c), 6e?. cos °« = =8e° (10 cos ¢ + 5 cos Be + cos 5e), 
Te’ cos °e = gue’ (10 + 15 cos 2e + 6 cos 4e 4 etc.) 


and hence 


(")° S14 ge + 1pe + We + ete. 

+ [2e + 3e + $%e + etc.] cos « 

as Le + 20¢ 4 105° + ete.] cos 2e 
ae Tae 3% + etc.] cos de 

+ [Se + 42e°+ etc.] cos 4e 


62 A NEW METHOD OF DETERMINING 


Attributing to 7 proper values in equation (29) we find the expressions for cos ¢, 
cos 2:, cos 3e, ete. We then multiply these expressions by their appropriate factors and 


thus have the value of (“) Tat 


+o _ (—2) 


(") = - RB cosig, ae =. Fe; cos tg. 


: (2) (—2) 
The following are the values of &; and &; to terms of the seventh order of ¢. 


fh, =1+ 34 
Ga) 
RR, = —2e+ té&— oe’ + ace’ 
(2) 
i, ie a ae 
(2) 
fiz = — e+ gee — ahi’ 
(2) 
eee 
(2 
fis = — Pre + Peace’ 
(2) 
Tee — — 6 
yee aoe 
iy = — Heya 7e: 
(—2) 
Sete = —1+é+4 ?¢4+4 1 + ete. 


R, = 24+ 4 + Ge + Bethe! 


96 


Rh, = $f%4+14¢+ He 


Ri, = We — He + oye 
(—2) 
hy = >be — tte 
(—2) . 
Die eon 1097¢ 16621¢ 
(3) 
Ra 122368 


See HansEn’s Fundamenta nova, pp. 172, 173. 
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: : ‘ (2) _ (-2) 2 
We add also the differential coefficients of R,, F; , relative to e. 


dk, 3 
= we 
de 
ane 
1 SS oy Oi pee A 7 6 
Fae we 2+ je gee + ae08e TF ete. 
dR, 
2 = —e+2e—le + ete. 
de 
IR. 
a a gio pean eee” - 6:6 TAG6 
ae” + $26 —pee0e +ete. 
dR, 
<4 = — 2+ 46 = ete. 
de : 
‘hie 
Oa a 43756 
ie aaa ree + tease -F ete. 
IR. 
ALr¢ eee, OM) 
bed SS a ete. 
de 40 a 
oR. 
nee oa ee 
cP 230406 x ete. 
ete. = ete 
d (—2) 
: dk, — e1 34. 45¢> + 10 5¢ 
de 
HERS 
Pe ieoe 9,2 |: 825o4 | 18725,6 
Ten A ae + Are + “gate e 
ee 
2_ = be + $¢ +-$3e 
de 
ie 
F 22 2A} 1254 27516 
Pa ee ere + “etx 
e 
aR 
( Sea (eve 8 87 
é 
(—2) 
dhs _ 548 5gt__ 11684 7¢6 
ia gat 2 4608 
(4 
ee 
EIS 6.690 
Fe eye 
(7 
(—2) : 
dR, — 33091166 
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The value of 5 found by integrating a() = 2e.sin ¢.dg, is 


2 (1) (2) (3) 
Hie ‘ 
~ — 1+ 3e’—4J, cos g — 4, cos 2g —AJ;, cos 3g — ete. 


a 
(2) 
In terms of the #; functions, 


2 (2) (2) (2) 
Ve G heed 
_—1+32e— R, cosg — F, cos 2g — R, cos 3g — ete. 


a 


Again, since 


ate 
we have 
= Ragone p= ae : Z 
Let 
Ff=9+2., Gin wy 5g 
then 


df —] + 37 °¢Crcos 1, 


and hence 


The coefficients represented by C, designate the coefficients of the equation of 
the centre. 
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Using the values of the (;, coefficients given by Le Verrier in the Annales de 
? Observatoire Impérial de Paris, Tome Premier, p. 203, we have 
| Bowe Be |4 GJ 25) + 8 eee et Ca) ($)"] sin 
+ [BOG + (D+ IEG) +ete. sind 
+ | Gy — 4) (5) + FG) TG) + ete. | sindg 


+ [158 (5) — 5H (4)? + 4448 (4)? — ete, ets 
Te cee (£)°— 5957 (2)? 4 164921 (2)9 | sin 5g 
+ [122 298 (£)6__ 15826 (£)8 4 ete, | sin 6g 
4 ee (9) — ay (9)? ] sin Ty 
+ [#88482 (6) | sin 89 
us [ 1G €3y | sin 9g 


Converting the coefficients into seconds of arc, and writing the logarithms of the 
numbers, we have for the equation of the centre, 


eg = 


+ | 5.9164851 (4) —5.6154551 (4)' + 5.5362739 (5)° + 5.787506(5)' + 6.25067 (£)° |sin g 
+ | 6.0133951 (§)’ —6.1797266 (5) + 6.067753 (5)' + 5.59571 (4)°| sin 2g 

+ | 6.2522772 (5) 6.6468636 (§)° + 6.690089 (+) — 6.22336 (5)°| sin 8g 

+ | 6 5491111 (§)'—7.093540 (4)’+ 7.27643 (5)*| sin dy 

+ | 6.8775105 (§)°— 7.533150 (5)'+ 7.82927 (5)°] sin 5g 

+ [7.225760 (4)°—7.96973  (4)*| sin 6g 

+ [7.587638 (4)’—8.40484 (5)"| sin 7g 


+ [7.95944 (4)*| sin 8g 
+ | 8.33880 (4)"| sin 9g 
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CHAPTER III. 
Development of the Perturbing Function and the Disturbing Forces. 


. . . . a 
By means of the formule given in the preceding chapter, the functions ma 


9f Aa\3 . . . . ° 
u“ (5) , ete., can be put in the desired form. The next step is to determine the com- 


plete expression for the perturbing function, and also the expressions for the disturb- 
ing: forces. 

If k° is taken as the measure of the mass of the Sun, and m the relation between 
the mass of the Sun and that of a planet, the mass of the planet is represented 
by mk’. 

If aw, y, 2, be the rectangular codrdinate of a body, those of the disturbing body 
being expressed by the same letters with accents, the perturbing function is given in 


the form 


(or m E ix wea! 5: yy! +22" i 


l+mtL4 ra 
Now 
At = (d —a) + (Y —y + 2) 
= 9? Orr 2H | 
hence 


av a ar 
CO ee 
1-+-m E rit | 


If a © is regarded as expressed in seconds of are, and if we put 


s = 206264".8, u= Mg Ce ei ae eae er : (") hd, 


1--m° 


we have 


a 0 =e (5) — (A). 


- 
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Finding the expression for (ZZ) first by the method of Hansen, we let 


h= . .k.cos II—K), h = -,- COs @.cos 9’.k,.cos (1I— K) 
1=*,.cosp.k.sin (I—K),U =e cos ¢’. k,.sin (i — 3), 


and have, if we make use of the eccentric anomaly, 


/ 


(IT) = h. cos (3). cos f’ —ch()*.cos f’ —l.sine. ay .cos f’ 


7 


, 


2 si J av\2 sin f” : Q \ZeeSing hi. 
+ 1. cos (7) scans —'(“) , yr +h’. sine ( *) _ ath 


cos ¢’ COs 9 7 cos ¢’ 


Putting 
(Fy: cos f’ = y',.c0s g’ + y’2. COs 29’ + Y's. COS 3g + etc. 
(3): mosey = 3,.sing’ + 02. sin 2g’ + 6; . sin 3g’ + ete. 
we find 


(1) = 3 (hy, —88) cos (— go —e) + 3(ly1 —10,) sin (—g' —®) 
—ehy’, cos(— gs) + els’, sin (— g’_*) 
+ B(hy’, + 8) cos(  g — 2) + $('1 +101) sin(  g’—®) ; 
+ 2(hy’, —h's’2) cos (— 29’—«) + 2(ly’.— 18’,) sin (—29' — «) ae 
—4.ehy’,cos(— 2g )+ 4.eld’, sin (—2qg’ ) 
+ Why's +8.) cos ( 2f—e) + Aly’. + U8.) sin( 2 8) 
+ ete. Te EEG 
where . 
he ae ae ee = Oe 
¥e=4[ Yat de | ¥2=3[ Ja — Iw] 
ete. ete. 


AZ Ss VO li, exe ek 
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When the numerical value of (#7) has been found from this equation we trans- 
form it into another in which both the angles involved are mean anomalies. or this 
purpose we compute the values of the -/ functions depending on the eccentricity, e, of 
the disturbed body just as has been done for the disturbing body: The values of the 


( (0) (1) 
J functions can be checked by means of the values of J,,, Jr, g 


MAN’S edition of the Abhandlungen von Friedrich Wilhelm Bessel, Erster Band, seite 
103-109, or by equations (30),. 
Thus by means of the equation 


oiven in ENGEL- 


(m-+1) (m—1) om (in) 
hr as CARA te ay 
hd 


(0) (1) 
we are enabled to find ae ‘if Sinn, Sy, are known. 


It must be noted that the age of BrssEv’s table is 2.h£, or 2.4, or he. 


Thus if it is sought to find the value of ah ») we enter the table with 2.2” or 2e as the 


argument. 
When we need the functions for A from h =—1toh=4, we must find the 
(2) (1) (0) —2) 


3) 
z 1 1 = 
values of + LT Was Wes de > — >> and 1. 
: auG) (0) (3) 
The values of $. J. . and J, we take from the table. To find J - we have 
z a 


t 
tos 


ree ae 2 oe 
TAR ae a 4.5 °° 45 
(1) (0) 1 SG) 
hae, =[ ye + ee] 
45 45 st 
For Nps 2s we have 
(2) (0) eae 
IS — 
“ae get Se ae 


Q 
And for -/, we have 


ay) 


<a 
|| 
| 
i 
= 
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The expression for (/7) can be put in a form in which both the angles are mean 
anomalies. ‘Thus, resuming the expression for (/7), 


/ 


(1) = h.cos « (%) cos f’— ch (7° cos f’ — L.sin ¢ (“)*. cos f” 


7 


r 


; U\2> Ey G\2 Siege te We GS ee yf 
+ U.cos ¢ (“) ee L—a(“) . L +h’.sine. (“) ca 
in which 


& — —.k.cos (I1—K) 


2 fire : iy ee oe fee COSe 1 
i= 4: COS P. COS ¢’. k,.cos (Il — 4) 3. 
— G ras 7 eu siney) 
be ee COS UE eas) A ret me 
a é 
ee / Per. 4 7 1p cos. .P 
l -. COS ’. k,.sin TI— Ay) = ju. = 
a 


cos 


$ a’\2 9: fa \* sink 
we find the expressions for (5) cos f’, (2) ; fi as follows. We put as before 


Si cos f/ = y',cosg’ + y’.cos 2g’ + ¥’; cos 3q’ + ete. 


aN ee 5 = W,sin g’ + 0, sin 2g’ + 0’; sin 89’ + ete. 


If we differentiate _ cos f relative to g’ we have 


d(.cos f’ cos f’ dr’ Te oO. ee a sin /’ 
ECG 008] ) J’) — Eos Jk .=5—-—- sin /’. ae = — — ze 
dg’ a dg a * dg cos @ 
F ar ae’ sin f’ df’ a” 
oe eat ee. CORD: 
since ag en dy’ a Pp; 
and hence . . 


d? (“, cos f”) a” 
ea = — cos f’. 


4 
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oes : 7 pinot 
Similarly, in the case of — i we have 
a’ cos¢ 
ad? (ca } Go ein of 
dg” \a’ cos ¢ r® ~ cos ¢’ 
vie ' r’ sin 
But — cos f’ = cose’ — e’, and | aM = sin é’ 
a a COS g 
Hence 
dl” G cos /’) per a? cos 7 rx ai cos e 
Maus. a? Meroe yl? a dg” ? 
a (7 sin ss /2 v4 2 , 
ee Gag? oe Shy a sin € 
dg” Se ial? Cogee dg” 
Now 


(1) _ (3) 


_(0) (2) 
COs == = Be Sy dl cos g/ + (ii mle | cos 29’ 4+ ete. 
; (0) Oat (1) Clin ties < 
Sit ee laze + Jy j sing’ + ee -f- Jail sin 2g’ + ete. 
From the values of cos’ and sine’ we have 

a? 0 (1) (3) (2) (4) 
Bee COs fg = TR —J, | cosg’ +2 Ee= Tak cos 29’ + 3 fees Ts cos 3g'+ ete. 
a” sin f’ (0) (2) r (1) (3) . (2) (4) 3 
Biee = be = 7a sin gq’ + 2 Bec: ost8| sin 2g’ + 3 Bees + Jae sin 3g’+ ete. 


We now assume 


1 (7) (i+1) 1 (t—1) (i+1) 
Yi =i Ba rt Jin li 0; as ee = Sin | 
; 1 (i/—1) (i’+1) ; 1 (w—1) (¢+1) « 
Yr i Ee. —ady, iB — Vv hee of Lin al 


Comparing these expressions for y’;, 0’, with those found in the expression for 


G2 OS : > rast 
=e L given above, we see that the relation between them is 7”. 


ty 
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The expressions for cos ¢, sine, are the same as those of cose’, sine’, if we omit 
the accents. 


Hence if we perform the operations indicated in the expression for (27), we have 


EO al at eae 


a 
= 34” [hy ey’ wr + h’d; Oi] COs (+ “uy —— vq’) a me [Ud7'y + ly 0'y] sin (— uy —i'7') (2) 


2 and 2’ having all positive values. 
Attributing to 7 and 7 particular values, we find, noting that 6, = 0, and 3’, = 0’, 


(A) = 3 [hy +00, ]eos( g— 9) —3 [by t+lydi)sin( g— 9’) 
3 [heyy — h'd,0', | cos (—g-— 9’) — 3 [By —l'y,5] sin(—g— g') 
+ thiyo-y's Cos ( J) —4l yd sin( — g’) 
+ 2[h.yiy's + h’. 6,8’,] cos(  g—29’) — 2 [L.by/.+ Uy48'2] sin( = g — 29’) 
+ 2 [h.niy’,—h’. d,8’.] cos (— g — 29’) — 2 [1.dy'.—Vy,8’.] sin (— g — 2g’) 
+ 2h.yuy’s - cos ( — 29') — 20 .8'2 sin ( — 2g’) 
+ 2[h.yy's + h’. 6,0’3] cos ( — 3g’) — 3[bd34+U.7,0'5] sin( g—3a’) 
=F etc. . ——CtC.o 
+ ¥ [h.yoy’s + h’.6.8',] cos( 2g— g') — ¥ [bby +l.728] sin( 2g — 9’) 
+ dh. yoy’, + h’.8.8')] cos (— 29 — 9’) — § [hb —U-y.8'1] sin (— 2g — 9’) 
+ ete. — etc. 


The numerical value of (/7) given by (1) must first be transformed into a series 
in which both the angles involved are mean anomalies before it can be compared with 
the value given by the equation just found. 

If we find -the value of (77) from the preceding equation, it can be checked by 
means of the tables in BEssE’s Werke. 


The expression for u (5) is known; and with the expression for (/7) just given, 


we obtain the value of 
(6 AO eee u(“) —(H). 


The next step is to obtain expressions for the disturbing forces. 
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Let v the angle between the positive axis of X and the radius-vector measured in 


the plane of the disturbed body, here called the plane of X Y. 


The differential coeffi- 


cient of the perturbing function © relative to the ordinate Z perpendicular to this 


plane is found by differentiating © relative to z and afterwards putting z = 0. 


Thus from 


we find 


Hence 


where 


dQ 
dv 


,dQ 


dr 


da 
AZ 


|| 


m 1 rr 
~~ Itm E pe HI; 
may Lat De eee | 
—~ Aen ys : 
= (a-a')’ + (y-y')? + (22), 
=r + r°? — 2rr’ A, 
eto [- Ladd or | 
el an 4?” dv eee 2 
ae [— 1 Cae = 
Sere rakemr ae sin ch 
Bs wine 1 , az 
7s Lebo [ dA = |p 
dH dA dA 
> A— = r—r’ se Sees 
dv’ dr ray Ht, dz 


m’ 1 1 +r 
a ee 


mn’ 1 il a, mn Y 
tml aoa |r Wey, 


fue an s&s 
1a Ls 


—".| sin Z.r’ sin (.f’ + I’) 


sin (f + Il) cos(f” + Tl’) —cos J cos (f + 1) sin (f’ +1), 
— resin J sins (47-110): 
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As before the origin of angles here is at the ascending node of the plane of the dis- 
turbed body on the plane of the disturbing body, and the plane of reference is that 
of the disturbed body. 


aid : 7 d2 dQ 
If we differentiate the expressions for r 


i ap We find 


2 GQ dQ om’ 3 7.2 <> 2 
’ di? 1: ar Ceeieem a ( My Hf) 


m 1 1 UL 2 m’ 7 
3 1-+-m i =) vr! if 


im. “A 
r == me : oF (7? — rv’ FH) sin Ir’ sin (f’ + I’) 
oo or mn , af sin °Jr? sin °(f’ + 1’) — ao : a 
aa — a lee am =) sin Z.r sin (f+ 11) 
r —— ii = (? — rr) sin 7.r sin (f+ 11) + 
a =— no = .sin °J.rr'sin( f+ I) sin(f’ + 1’) + mon (4-5) cos I 


To eliminate /7 from some of these expressions we find from 


ee Det oa Li, 


that 


: dQ 
The expression for ie then becomes 
ar 


EQ: (eae 1 r IT | 
a 1--m 22° 24 yr? 


From the yalue of A’ we have, further, 
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and hence 


: Sm oe 5) — sin J.7’ sin it 
drdZ s 1+ NL [ A At ey, oe ) 
(2 3 nv [ pty | ; ; dg 
r = 3 es sin J.r sin I 5 
drdZ’ 0 1--m WA \g a (f+ ) oa dz 


dQ 
becomes 


the latter of which, by means of the expression for age 


PQ a Mm [ eae 1 j : F m 5 Ta. 

Toe —— et ee in Jr sin II) — = si —= sin II 
draZ 2 1-++-m A 343 8 (et ) 1+m y's 8 Cian ) 
The expression for A’ also gives 

(r'—rr’ H)? uy (ry py? i 1 
R Taare 24° 44? 


by means of which we find 


9 2 22 om =~ 8(r?—*) re 1 | mf 
dr rae dr ~ 1+m [ 47 a aE 44 Le i H. 
If we put, for brevity, 
De 
Cle) aca “sin T (3) sin (f’ + II’) 


i Vaeze = sin I (@\e (“) sin ( f+ IT) 


Cay <.cos T(%) 
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the expressions which have been given for the forces, together with the perturbing 
function, are 


7! 


Pee 4) —@ 
( JS eaX{S) 22+ .E sin (f’ +IP) + (Z) 
wh AE) tal) = teat(e) (LET wel) tals) — UD 
) 


5 /2 2 $ fe 

ees a. (“). | = i Z| Sila 7, P 

= PU —_— — - ——.— sin Il 
at 4 Ge Gi UE a. al Cf ath ) 


guine /(G\onei Tt ry 6 ey 
+ 3ua (4) > eel (f’ +1) 


sf 2 \_- 4{a\> pred pie tht AT MT : a\3 
ee ante) a) 


a / 


aa(,) = war(“)" we ; sin (f + I1)—(Z)’ 


4 
PN 8 Vo if | Bini anys we 
a'r az pet A 7 “Oa gh aaeripeariaete ere) 
— gua?) 2% sin (f +11) — (ZY 
a L ‘ 


Bm Be No £(a\e "sin tl 7 ; haNiooae : : af@\eos I 7 eyn 
aa (7) = — dua (“) eae (f+ es sin( f+ I1) + ua (“) ——_ — (1) 

The form given to these expressions is the one best adapted to numerical compu- 
tations; and the equations are readily derived from the preceding in which the magni- 


tudes occur in linear form. 
Thus from 


ee — | 
dr 1+m 24° ir? 
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we have 


where, as before, 


In a similar manner all the other expressions for the forces have been derived. 
When we compute only perturbations of the first order with respect to the mass 


we need the perturbing function 
ase iu (=) — fT 
A 
and the forces 
dQ 4 He es ai | 1 () 
ar__ = 3 —_—,~|—s3ul-) — (Hf 
: dr pas A a” Oma Be 4 ( ) 


/ 


od Q __ 6/@\* sinal tes. , ' 
ed (“) Sage yt (f+1r)+ (J). 
The other forces are only needed when we take into the account terms of the sec- 


ond order also with respect to the mass. 
An inspection of the expressions for the forces shows that besides the functions 


u(Z)» wa"(G) » wat(G) 


we need expressions for the magnitudes 


i \* lst ay ; eran : 
(F) > og Met Soin (7 +10), 222 sin (f+ M), 


(CD) aL) 
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When these are known we multiply the function ua?(%)" by 


r’\2 ee Te iw! ae , , SinWene a ae : 
| (2) eee: ait are! (7 + II’), 5, Ba (f+ I), 


| 09 
Q|3 
s| 3 
oe 
Suse 
[eee 
es to 
No| oo 


OMI L 7 eats ; . Hh ae 
7 oo iy oe it) Fil aeas a | 


»/2 Ay oh : 
ate “+ Sin’ ( f/ + I’), 


bo} oo 
| 
| 
ie 
5 
— 
[SS 
-+- 
i 
SS 
| ~ 
— 
a! 


g ut © sin (f + 1) sin (f + 1’). 


7 


We will now find the expressions for (7), (Z)’, (7)”, and for the various factors 
just given, that are the most convenient for numerical computation. 


We have 


Cie tein J (ok sin (f’ + II’). 


Putting, for brevity, 
b = — § cos 9’sin Tcos I’ 


He ee inl 2) Sink’, 
a 


and noting that 


ay a f = act e ea sin g’ + 2] Joy + inte sin 2g’+ ete. ~ 


(2) cos a Sie Ti cos g’ + >| cata i] cos 29’ + ete. 
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we have 
) (2) (0) (2 
)\==5 Bree dy | sin 9’) +o Be —dy zl cos (— g’) 


(1) _ (3) ‘ itl) (3) 
+ 2b Pere --- Bane | sin (— 2q’) + 20’ Raa —— elon COs (— 29’) (3) 


+ 8b| Joy + Jey | sin (— 89’) + 8B | Jos — Ju | cos (— 891) 
=~ ete; + Bic: / 


The value of (Z)’ is found from 


(Tye “, sin I oe ~ sin (f +11). 


From 
7 y 
re 1—¢ cose, 
2 
we find 
a’ : , ‘\—3 
>) sao cos bie 
Expanding, 


(5) = a , = (de’ tc ate” + ete.) cos 9’ 
+ (fe? + fet + + etc.) cos 29’ 
+ 22e cos 39’ + 28 te cos 4g’ + ete. ; 


which, for brevity, we write, 


(i = fo + 2p, cos gy’ + 2 p, cos 2g’ + 2p; cos 8g’ + ete. 


r 


But 


~ 


PoeD = |v, se Jy sl sing+4 Rs + Ts a sin 2g + ete. 


Cos ¢ 


S| 


(0) ae 


cos f= — ge + [= cosg +3 [ Jn — Jn _| co 2g + ete. 
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Putting 
ies = . cos d sin J cos TI, 
(0) (2) 
PA ASIN Memes 25 4 
(1) (3) 
¥2 = Ley. — JS, | 
etc. 
we have 
Cy 
+ 1.9.6, sing 
+1.9,.6.8sin( g— g') 


SN ae 


+ 0. pe 
—1. ps 


+ ete. 


.6,.sin(—g— g’) 


.o; sin( g—2g’) 
0, sin (—g — 29’) 


For (7 )” we have the expression 


Putting 


te : 
i 2 -sint sin I, 


(0) (2) 


0; te) + J, 


(2) 


=| da + Im 


etc., 


— 3 be. po 

+ b,. 09-41 COSY 

+ h.pieyicos( g— 9’) 
piameepny 6 COS (= —— 9") 
ead) 
+l. 92.7, cos( g— 29’) 


— 2hep, cos ( 
+ t,. 92.4% cos (— g — 29’) 
— 2he.p. cos ( — 29’) 
+ ete. 


rye * con lis). 


(Rice) 4 cos /, and using the 9; coefficients as for (Z)’, 


we have 


L 


(LD) ae eee + t;. 9, cos (— 9’) + b;. p, cos (— 2g’) 4- ete. 


y\2 1 7 
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(4) 


6) 


To obtain an expression for the factor |G) _ “| it is only necessary to 


have that for ae 


a 
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In terms of the eccentric anomaly we have, at once, 


( ee 1 — 2e cos « + & cose 


= 1+ $e’— 2e cose + $e’ cos 2e. 


Substituting the values of cos ¢, and cos 2e, we have 


~\2 (1) (3) 
¢ ) — 1+ 3¢—+J, cos g— 4 Bi. cos 29g — 4-J,, cos 3g — ete. 


a 


Sin fee 


To find an expression for the factor _sin(f’ + I’), for brevity, we let 


sin I sin I 
“= —.cos 9’ cos II’, Cy 


a a 


Call ul 


: ; < OPS Bin 7 eee 
and from the known expressions for ~~, - cos f’, we get 
W@ COS ¢ a 


sin J 7’ 


_ (1) #3) 
~ sin (7 + i) = ae ny osing’ + £| J te hy | esin 2g’ +- ete. 


(00) =) (1) (3) 
— ee, + We oe | 6, COS g’ + 3 Bee ARS | c, cos 2g’ + ete. 


In the same way, if 


sin J sin) laa 
Ces . cos ¢ cos I, C = ——. sin Il, 
a 
we find 
SUT ay a ee (0) (2) } (1) (3) j 
7 ll (7 +I1)= J, +e, | 3 810 g +- Whey +S) | ¢;8in 2g + ete. 


6 
(0) _ (2) (6) 


(1) 6) 
— ee, + ie JI, —J, \cq,cosg + S| Jy + Jp, ] c,cos 2g + ete. 
By means of the expressions for the factors 


ey in ee in I : 
(F), SRE ein (7 ee ee) 
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just given, we can form those for 


il ap 
Ge Wie 


jie : lt 17 
; (sin (f/f +1) [2 | 


Cw 


+ yl ane , ‘ 
ect (7; ae) 


aw 


~ sin( f+ II). is sin (f’ + I’) 
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CHA PTHRELY. 


Derivation of the Equations for Determining the Perturbations of the Mean Anomaly, 
the Radius Vector, and the Latitude, together with Equations for Finding 
the Values of the Arbitrary Constants of Integration. 


H_ANSEN’S expressions for the general perturbations are 


rape = Mot + Go + tf | Wo + Me de 0° Jat 


C5, (| ea 


dk, — 
a =e sin (o—f (5 =) COS @ 


where 


ie ~ [eos (f 0) —1}} (8 =) 


a Wo 0 aos CF 
ns hy 4 2 cos Gy Sa! +2 h,? d, Cos * 


+ 2hy = sin (f—o) r(=). 


In this chapter we will show how these expressions are derived from the equations 


of motion, and from quantities already known 
The equations for the undisturbed motion of m around the Sun are 


Vx 9 cree 
=a +H A+m) = 0 


dy 2 boy ree 
= +h 1+ m) == 0 


Mz 7 weet 
# +B +m)4,=0 
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The effect of the disturbing action of a body m’ on the motion of m around the 
Sun is given by the expressions 


ac’ —ax oo! ; a) y’ Bie ae a 
mI? (" — =). mle (¥ 7 ZY; mT ( = )- 
Lr 7 AB yl 


Introducing these into the equations given above we have in the case of dis- 
turbed motion 


fe 4 (tm) tame (tot —2) 
La + (1+ m) 4 = m’ie (YY — | (1) 


Ue + #(1+m) a — mI ( Fart — =) 

The second members of equations (1) show the difference between the action of 
the body m’ on m and on the Sun. The action of any member of bodies m’, m’’, m’”, 
ete., can be included in the second members of these equations, since the action of all 
will be similar to that of m’. 

The second members can be put in more convenient form if we make use of the 
function 


Oues m ( iS a) 


1 +m 4 7 


Differentiating relative to « 


dQ mw ( Sled ae =) 
dz ~ 1+tm Ppl tie pls | 
But since 
9 r 2 , 2, ! 2 
A? = (¢ —a)' + (y —y)' + (& —2)% 
we have : 
a Sn) 
dx Ane 
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and hence 


ces m) 12 — m (= — =). 


dx 


In the same way we derive the partial differential coefficients with respect to 


y and 2. 
The equations (1) then become 


Cx 2 2° ass aQ 
ae +k +m), =k (1 +m) 


ae aQ y 
pe +#(A+m)% =R(1+ m) 7, (2) 
sli + k’ (1 + m) : =h(A+ s = 

Let X, Y, Z, be the disturbing forces represented by the second members of 
equations (2), 

F, the disturbing force in the direction of the disturbed radius-vector, 

S, the disturbing force, in the plane of the orbit, perpendicular to the disturbed 
radius-vector, and positive in the direction of the motion. 


If * be the angle between the line of apsides and the radius-vector, the angle be- 
tween this line and the direction of S will be 90° + f. We then have 


X— — Sein, ee 5 (COs 
In case of /?, we have 
Pp = Kee Ves 
e Fe 


and for S, 


From these we find 
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If we wish to use polar codrdinates we have 


= — Roos f—S sin f 


ON aa : 
igor sin f + S cos f. 


From 


taf COs.) age 1 S107, 


we find 


dx = dr cos f — rdf sin f 
dy = dr sin f + rdf cos f 
Vx = dr cos f—rdf sin f — 2dr df sin f — rdf” cos f 
dy = @r sin f + rd°fcos f + 2dr df cos f — rdf” sin f 


From the expressions for dx and dy we find 


dy cos f.—dasin f = r df 
dx cos f.-+ dy sin f= dr, 


and hence 
aQ i GHEE ge dQ 
Se ae, = STS) oie 
dx Tae Bahar dr i 
dQ 1 dQ 5 GD te 
—_ = =e COS — SIN], 
dy yr af fa dr ee 


_ from which we see that 


R=V1+m)&, S=hO+m) =o 


If we multiply the expression for d’« by cos /, that of d’y by sin Jf, and add, 


we obtain 


@acos f + dy sin f = d’r—rdf?. 
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In a similar manner we find 


@y cos f — asin f = rdf + 2dr df. 


Operating on equations (2) in the same way, we have 


= cos f + = sin f + - to — Xoo J Lenny — 
€ C 
sae cos f — SS. sin 7 = Y.csf—X smnf=S 


Comparing the 


two sets of equations, we have 


ar dr df 9 1 dQ 
hia yar — ee Ane 
je: ar = BET a) 25; 
Cr ee ae ey ke i Se m) __ — Ie ( ‘A af m)~ ics" 


ane 


(3) 


The second members of equations (1) and (2) are small, and in a first approxi- 
mation to the motion of m relative to the Sun, we can neglect them. The integration 
of equations (2) introduces six arbitrary constants; and the integration of equations 


(3) introduces four. 


turbed motion o 


Ay 
No 
Jo 
& 
Po 
To 
Vo 
to 


€ 


f m around the Sun. Having these elements, let 


the semi-major axis, 

the mean motion, 

the mean anomaly for the instant ¢= 0, 

the eccentricity, 

the angle of eccentricity, 

the angle between the axis of « and the perihelion, 

the angle between the axis of « and the radius-vector, 
the true anomaly, 


the eccentric anomaly. 


These constants are the elements which determine the undis- 


These elements are constants, and give the position of the body for the epoch, or 


for¢=0. Let us now take a system of variable elements, functions of the time, and 
let them be designated as before, omitting the subscript zero, and writing z in place 
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of a. The former system may be regarded as the particular values which these. 
elements have at the instant ¢ = 0. 


In Elliptic motion we have 


nt + go e—esine 
r cos f = acose—ae 
r sin f = acos¢sine 
v= ft+x 
an’-= k (1+ m) 


Now let mz be the mean anomaly which by means of the constant elements gives 
the same value for the true longitude that is given by the system of variable elements. 
Further, let the quantities depending on mz be designated by a superposed dash, and 
let the true disturbed value of r be given by the relation r=r(1+ 7). 


We have then 


Ng = e—e sine 
r COS ap == Ga COS E — Aye 
rsin f = d Cos sine 
es Ve + 7 
aon, — (1+ Mm). 


We will now first give BkuNNow’s method of finding expressions for the pertur- 
bation of the time, and of the radius vector. 


Neglecting the mass m, multiplying the first of equations (1) by y, the second 
by x, we have 


la d 7 Te 
Upp dere = {( Ya—Xy) CE aAe: 


C’ being the constant of integration. 


Introducing 


cos f = *, and sin f = 4, | 
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into equations (2), neglecting the mass m, we find 


2 2 2 
a 808 J => 


at? , 


(4) 


My sin | Y 
i 


We have also 


dx dr : df 
dG = C8 f-5, —7Tsinf .7- 
CL ei I Ag : df , 
ap a <5 at COR Fs 
and hence 
dy dx _ 5 af 
Vit ae oF eae 


or 
Re ROC cyaKaae (6 
* dt =f y I 

and 


ee = (Sr.dt+ C. 


In the undisturbed motion we have 


po being the semi-parameter. 


Hence 
d —— 
rT — (8. dt + ky/ py 


— 7x 
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From these relations we derive 


va +e Sr. dt, 5 
V Po I ( ) 


and also 


Vor ce V Po Sr. dt 
VP was Vp x (6) 


If we eliminate = from equations (4), noting that 


we have 


dt 


ae ae = S [EBL | 


Bh ee = f[v—22. sr] a, 


neglecting the constants of integration. 


Since r =r (1+ 7), we have also 
=a(l+)~y—y(1 +r). 


The equations (7) then become 


anaes ee inc Sits sin f 
eee 1S — ((x— SL. grat 
Be?) eat ae 


(8) 
Aue ato) G— tend = (V+. Sr) ae 


Se | 
= 


From the equations 


= 


L = My COS E—ACyy Y = A COS Gy SiN fy 
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we have 


ds == =«— dy SIN é de 


dy = dy COS $y. COS é de. 


Then since 


. . pM, wa je k 
UC) = eal; ay | eee 
salle if = cos OO ae Rat ee 


a 


dg = 


using the values of sin ¢, cos «, in terms of sin f, cos f, we find 


dz . kein f, Gy = cob sre 
dz De? dz VPs 
And these give 
k sin f da V Ds : 
= —_— an > 

VP or aa 

eos fe) eee 
Vp de Vp-p 


ai Y Br, a Pe f°. Sr dt 
dz 1/p V Po fs 


The equations (8) then become 


oe 4 |g) oe ee DL Sr) dt 


AL eae /p 
) : : (9) 
by dy a \ 22. Val ee ‘. COB. 
Ya Le ve | =f Ce Se 


Wey sr wtoy eee ‘ : 
the constant — a being included in the integral. 


We will now transform equations (9), and for this purpose we multiply the first 


by -, the second by = , and noting that 
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we have 


81 


dy _ EET (i (x— = Sr)dt+ Se Al( es Se) Sr dt (10) 


dt Dy 


| Po 


Now multiply the first of (9) by y, the second by #, putting for 
VP 


given by (6), noting that 


f dx dy a k 
Year) dt ae V Pos 


we have 


(402 =1——_(®. Sr dt —-4_( (X— =. Sr)at 
dt hy Do Pp hy Doe P 


fom aventectiae Sr) dt 


key/ Pow p : 
2 Ligne 
We can write “ in the form 
¢ 


dz 5 az 


dt dt 


721+) —(1+9). 
We have 


: if af Vidgeerds 
ah = vi C — WV ) 
( si v) Ae f dz dt’ at 


d ; a < ¢ 2 9 
“ ee COS ng 7b a, Un Np» 
( r 


Making use of these relations we find 


azote ol) fans: 
dt — (1+)"" y/p,’ 


Gea) is 
and for 7, given above we have 


doe © dz 1 VP ea abs 
pp SSSR O gre aires SER Sa 


A. P. §.-—VOL. XIX. K. 


its value 


(11) 
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The equation (11) is thus changed into 


dz I ¢ V Po r sin f y 
f= 1 = (ee |) Sa Xx — —+ Sr)dt 
dt : hy mi 5s me) Po ms x (12) 
Da Z ) 
2 f(y 4 alte grat + A. 
lage Aa ) ap » V Po 
The equations (10) and (12) can be put in briefer form. 
Let 
X= xX, Y= + Oo. 
pP ) 
Then 
dy __ cos f-+-e, { X.di+ sin f if Y. dt 
Tee Do 8 ae es ae 
(13) 
dz | : V Po 2y 
— 1— 2 ir dé — x Y,dt 
er aa (1+ 2 | ") Se rdt— mal X, dt +~ = At 
The values of a, y, found in these equations we get from 
oy a 1 aa, 
© Hy + 5 (2 —}) seies (z—t)’ + ete. 
(14) 
y = yo t Sh (2—t) + 4.o% (2—t)? + ete. 
From the expressions for = ; , we have also 
for cl 1 diy 1007, # ts 
Do be, (“i ne dt? (2 t)) age: 
(15) 
ey ae! (= se 1 LX (z—t)) + ete 
7s ~ ky/p, \dt ae ; 


. 


The quantities given by equations (14) and (15) are found in equations (13) 
without the integral sign. ‘hey can be put under the sign of integration and regarded 
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as constant if we designate all magnitudes in these factors dependent on ¢ by a Greek 
Jetter. 
We thus obtain 


—— ae f(a +20 P) Sr Hic - aes v—Y,. eye 
—E—) xe, ‘aye : (16) 


ee ate eee 


These equations include terms of the second order with respect to the mass. If 
we put 


ei ene 7 a . Sr dt — Iey/ os: at vee) dt, 
we get 


NZ = Nb + Yo +n f [ WES he 62 + | dt | 
f 


Ree No uf eee E i 62 | dt 


In equations (17) g is the mean anomaly for £=0; J is the constant of inte- 


(17) 


gration in the value of ». 
From the value of W given above, we have 


dW (1 ae 4 gee Dies 
di gue ky/ Do a VP Sr key/Dy (X,.0 ae Aae 
Now since 
Zp a2 eel, dO 
Exe (ee ee 
os f ie i maf 
: 1Q > IL Pek? 
Va=—ceiy t= -- cogenee 
a is ts i tae 
12 
R=“ 
dr 
g—}.d2 : 
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neglecting the common factor k° (1 + m), 


we have 
dW I 4 gVP vb) a0 2 eo ; ae 
site ioe _— ; cos f —~.sin 
dt 7 ey Dp 1+ Vp/ da ky/p, \d ‘a r f. if 
2 TUG eee el Oe a\ » 2 sin f d& (cos f--e,) d2 e | 
- sin cos £ a Lv 3 & |. 
i ky/ Do (5 i ig r df f) Tea ky/ Mo p df a p df KE 
And as 
v =psina, E = p cosa, 


this becomes 


dw 1 VPo\ dQ ; dQ , 2 
se eee —1—20 2)" — 20 sin OS | = 
dt ky/ Py [ ( VP df p vo ape ae Lr 


> i 1 dQ Ta sinw.sin fdQ 
+ 20 cos ow. SL Aes 2p .- af C08? cos f +> 2p. a 


: fdas dQ 
9, Cos # cos f ¢ ' | 
+ ere ay a ( COS @- af 


1 PDs a 
ia nara Ve a + 2p sin (f—o) 42° cos (f —o fe 


27 cos (f — 0 apt 2%: e030 | 
But 


2€) p COS @. o — 2Po = 25 -(& 9 CO8@ —P) = —p- an 


also 
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Hence since i’ (1 + m) is included in X, Y, R, S, we have 


d 


C 


2 


- =a OF [ 2° cos (f —o) —1 + a (cos (f—o) — 1) | - 


+ hyp .sin (f — 0)" 


If we write h,°. a) cos “p) in place of % in equation (18), we have the same ex- 
é 1W é 
pression for = as that given by HANSEN. 


Equations (17) and (18) are fundamental in HANsEN’s method of computing the 
perturbations. We will now give H ANSEN’s method of deriving them. 
Using the same notation as before, we have, since 


a __ 1+écosf 


Tr cos’g 
also 
if COS’ g, 
Gite love, con 7 2 
hence 
ra _ 1+ecosf cos *¢, 
ra,  cos’*g 1+te cos f” 


Using f + 1 — x in place of jf, and developing, we get 


ra _ r+rcos f.e cos (y—m)-+ rsin /.e sin (y—7,) 


Ay a, COS *g, 
Let us put 


esin (y— mm) = 7 C08 "do, 
(X 0) Po (19) 


ecos (y¥—m™) = £ cos*d + 43 
since €é= sing, we have - F 


cos ° = cosy (1 — 26) & — cos oy & — cos °y 7”). 
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With this value of cos *@,and 7 = a cos "¢) — @ 7 cos f, 


we find 


ra __ My C08 *g,—e,.7 cos f +r cos f (E cos*g,+)-+r sin f .7 cos *¢, 


1.) A, COS “Py 


__ a, cos*y,+r cos f. §cos*g,+-r sin f. 4 cos *g, , 


re a, COS *g, (1—2e,F&—cos *¢g, &’— cos *g,7? | 


and hence 


ue a ie . Con 
1+-£.— .cos f+-7.— . sin f 
Ay ay : 


1. 1—2e,6—cos’¢,€’— cos’ ¢y77’ 


From 
i, Sa 
dt “Sat Sader 
and 
df __ ky/p(i+m) 
dhe Th ? 
we have 
df ; a 


AG te cone: 


In like manner we find 


df Ay” 
—- = %.=_ .-COS Dp. 
dz OP Po 


We have therefore 


dz __  n.a.r*.cos ¢ 
dt ~My. 1. COS Y, 
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If we put = , and cos °?, we get 


a4et. Rises "sin? y: ; (20) 


(1—2¢,—cos *¢,F’—cos *947")3 


| dz 
+ ap (1+ 5) 


Further, in the case of v, we have 


: | wet Sie cae "hy & — cos "hy 77”), 
| : : (1 a ne ar 1—248—cos* Qo.F'—COS 74.7" 


14 cos 784" sin fn) 1-45)8 


es tae 


eS 1 2e,f — 008 49 — 08" pon ‘ 
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From the latter we have 


zg 4 


Bobs 1—2(1+ dis + 


y ply 2 Te) \3 A AC 
Ges morte?) ol te) B + (1 + 8) Be? 


1-+y 
Hence 
If we put 
F h hy 
Ue hy h 
we have 


We have yet to express 


From 


B=1—2ea — &. cos’ — 7” . cos "oy = 


and from 


we have 


CL Tar Mo 
v=lt+Wt+e( 


h 


eel 
Nin Page, 
n 
Le 


DETERMINING 


(145)... 


A 


woe 


ee 
in terms of the elements. 


cos *¢ 
cos *¢,” 


(21) 
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or 
a 7. en COS 2, 
h, 5). cOslgae'a,n, 
If we put 
Bagi, 
at ? 
COS ¢, 
we have 
=tnBOn 
~ Cos g - 


These values of h and h, being substituted in the expressions for W, a is found 


expressed in terms of the elements and of 7, in a very simple form. To find the rela- 


: d ; 
tion between = and v, we use the equation 


RB: 
Be = 
a) ta 
hy 
and as this is also equal to oe , 
he 
we find 
dz hy (22) 
fit. (aoe 


For the purpose of keeping the formule simple and compact, HANSEN makes use 
of the device of designating the time, and the functions of the time other than the 
elements, by different letters. 


Thus for t, r, «, f, 2 v, & Y, we write, 
T, Py Ny O, ¢, @, & v, respectively. 


Whenever we integrate, these new symbols are to be treated as constants, noting 
that the original symbols are used after integration. 
ie by Bo V Ola XIX cls, 
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If in equation (21) we introduce z instead of ¢ we shall have 


So = 1 W +Ges) (23) 
where 
W=27— 142s Ef coso + 2%. N © sino. 
We have also 
= Fz ahs (24) 


The codrdinates of a body vary not only with the time but also with the variable 
elements. In computations where the elements are assumed constant, that part of the 
velocity of change in the codrdinates arising from variable elements must, evidently, 
be put equal to zero. Coérdinates which have the property of retaining for them- 
selves and for their first differential coefficients the same form in disturbed as in undis- 
turbed motion, HANSEN calls ideal codrdinates. 

If Z bea function of ideal codrdinates, it can be expressed as a function of the 
time and of the constant elements. Thus let the time, as it enters into quantities 
other than the elements, be itself variable and, as before, designated by t. 

The function dependent on ¢, 7, and the elements we designate by A. Then 


dL aa 
lat ae 


or 


aR (2 ) at 


dt 
where the superposed dash shows that after differentiation 7 is to be changed into ¢. 


Let us write the equation (24) in the form 


i -(1+6)= * 
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Differentiating relative to t, we have 


= 
ieee 
7 = 41+ 8). 


dt 


The differentiation of (23) also relative to 7 gives 


Ge ma W ae 4 he 98 dp 
dove dc, acces (ede 


Eliminating if by means of (24), we have 


de 
oe, 43 98 dB 
ae’ = dt 1+f'dr° 
dt 


Substituting in the expression for ae we have 
i 


v= N—8f (“at (25) 


NV being the constant of integration, and the dash having the same signification as 
before. 


This expression for » is a transformation of that given in the equation 


1 206 — cos? Lp: ae ae Lon” 
1lt+v= (1--5)8(1-Lé.? pe ae = Binal) 


Since z is also an ideal coordinate, we have from (23) 


ne = tat + got mf {W+ i ( J hat (26) 


go being the constant of integration and being the mean anomaly for ¢ = 0 
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When we consider only terms of the first order with respect to the disturbing 
force, ¢ changes into t, and we have 


NS = ME+oe+ m { W, dt 
(27) 
J 


where 


Vee oe 
Wo = 25 5 112; .é 


ay 


coso + 2° .4.% sino, (28) 


a 
and p and w are functions of 7, being found from 
MT + CG = y—e sin» 


9 COS @ = My COS 7 — Ay & 


psinw@ = dy COsp psin 7. 


Also in the last two terms of W,, ie is put equal to unity. 


When terms of the order of the square and higher powers of the disturbing force 
are considered, ¢ cannot be changed into t. In this case let 


Nyt = mT + Go + néz. 


Likewise let 


6 = Ny T + go + rdf 
where 
nog is a function of 7 and t. 


According to Taylor’s theorem we have 


w= Wo + <0 4+ 4a 82 + ete. 


the value of W, being given by (28). 
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We then have 


dW 
4 


mie coe 


5 + ete. 


+ 06 + 3: 


Retaining only terms of the second order, the equations (25) and (26), replacing cc 
by dz, give 


yz = Mt + go -+ m f | Wy + —— W be+0*| dt ; 
) (29) 


dW, a? W, : 
ee eee O21 Ot 
is s i dt er dt’ i 


The equation (26) has been put in simpler form by Hiuu. For this purpose from (21) 
and (22) we have 


he (. : java Se a+ W). 


Hence 


Developing the second member and adding W, we have 


M2 = Mt + G+ 7 || He dt. (30) 
The next step is to express @ sie and ¢ — in terms of the disturbing force. From (19) 
we find 

Re Ae cos (x ai 

yo sin (y — 7%). 


cos’¢, 
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Using these values of & and 7, and @p CoS @ = d cos") — p, in equation (28), we 
find 


Aa 2 h 2p hy 
Vy) = ——— .neCOo — ly ei ae SY fe a) sk 
Wo hyd COS *¢, ee (% y ) 7% Nyy COS Py h 


Since 


race Cees key/1+-m 
tt ey 7 


? 


we have from the expression of f already given, 


rare k?(1+m) 
(hes » dv 


pide 
dt 


By means of 
f =f—o—(y—m— 6), 


F—l=ecosf, 


we may transform the expressions 
dv : 
T= pi 2 O8 
dr an . 
St é sim 
dt cos a : 


_ into 


d x be 
Fh cos (f —«@) .he cos (y—m—o) + sin(f—o) .hesin (y — %—) 


dr 5 7 z 
yn (f—@) . he cos (xy — 7% — a) — cos (f —a@) he sin (7 ican) 


THE GENERAL PERTURBATIONS OF THE MINOR PLANETS. 95 


Multiplying the first of these equations by cos (f— @), the second by sin (f—«), 
and adding the results, we have 


he cos (y¥—™—o) = (no —h) cos (f—o) + - sin (f—o). 


Substituting this value of h.e.cos (y— 2 —.) in the expression for W,, noting 
that 


1 h, 


Iy-Qy. COS?Q, — -k(1-+-m)? 


“we have 


Sole Pe ne Cee ee. ar 
Mo Ba tny  °8 Ch 8) _ Bam 82 (f—o) aa 


zh [cos (f—o) — 1] h— 9 —1. 


Ng.Ay COS? go i 


Differentiating relative to the time ¢ alone, 7 remaining constant, and having care 
that all the terms of the expressions be homogeneous, we have 


d W, 2h,e TS dv 2h,p Sys ar 
= . —@)r -, sin: (f—o) .—— 
deme ian) OF 8) pects em) °° (f— 9) Gp 


2p P \ dh h dh 
— ——_—_—. [cos (f —a) — 1 =. 
hyd, COS? ¢g, [ tie2) J dt i ede 
and 
digmeee tL mad UL eee ae 
dia, eee ee (ee 
ACs 


Substituting 
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we have 
dW, ye 
ap = Io {2° cos (f — 0) —1 + men -, [cos (fF 0) a ( | 
; | (30) 
pos dQ 
+ 2h sin (f— @) 2 ( ) 


This expression for ae is the one used by HANSEN in his Auwsenandersetzung. 
It is given in a much simpler form in his posthumous memoir, and as the latter is the 
form in which we will employ it, we will now give the process employed by HANSEN 
to effect the transformation. . 

Substituting first the value of h, omitting the dash placed over certain quantities, 
noting that in the posthumous memoir ¢ takes the place of o, and remembering that 
we are here concerned only with terms of the first order with respect to the mass, we 


have 


de = 2° cos (one. [cos (f —0)—1] ee 


Yl 


aunts rte 
+ 2 = “sin (f o) (5) 
From the relation 

p = a1 — &) —ep cosa 


we have 


p =a ep COS w 


a(1—e?) a(i—e) 


“7 
An inspection of the value of —— shows that its expression consists of three 


parts, one independent of 7, the nae two multiplied by p cos a, and p sin o, re- 
spectively. 
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Put 


dw ds adY (p * ) dv pe 
———_ = —_ | 56 =. = 
dt dt ; dt (é COs @ +r Che Gh 


and we have 


dg a ae cos f e cos f 1 dQ 
eet. (8) 
ndt /i—é r = ae af + 


ee =| Vers 4 (cos f+e) es 
i ee Ji—é r 1—e* df 
ae. yi a }[ + sin f te 
nat — aiese r jee? df 
But 
df “a eae ae cos f e cos f 
a ve ~- & — ——, — + 
dg i} NS ry/1—e (1—e’)i 
drs. ae sin f 
Te eee 
df (2 1 ) : 
= = — — sin 
de r a te I 
dr 
— m —adcos y 
de oh 
hence 
if 1Q 
2 2 = 3a (=) 
ndt dg /? 
1 2 
nat e dg V 1—e df 
a = 20 (2) 
ndt ~— 7/1—e de /* 
Again from 


= @)G)+@) 


A. P. S.— VOL. XIX. M. 


sin 0) 


ae 


, 


? 


sin f 


asin f 
+4 sos ERC 


! = 
(1—e) 


, 


39 


sf 
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we have 
eS its (4 s =) resin f 
af) \dgtimay 1——e* ar) ale, 


AY 4 1Q é eve 
Eliminating (““) from the expression for “— , we have 
SENG. I ndt ’ 


dY 2 a? (1 — e?) — r’ dQ r sin f dQ 
tale a + rer) 


dg ay/1—e?’ dr 


In the same way we find 


wats | [oaor+ Zits Jo) [ee ima ea 
resin?f dQ 
a(a—eyi} o" @ 
But if we employ the relation 
r recos f 


oa a(l ey) a(1—e’) 


J /1—eé, of the preceding expression, the whole term becomes 


& 
dr ) i 


. @ COS 
in the term, 


Yr COS (a EC 
—|- ah ee tL ‘I ar 


(1—e? nyt ihe a (1—e’)# 


Using the equation 
0=—recosf—r+a(1—e’), 


multiplying by 


.e (+ 
a (1—e*)3 Ot Nae )> 
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adding to the preceding, it becomes 


— [4 + 2¢€ Jar(S) 
sa dr ‘ 


ay ee. 


Further, we haye 


cos f e sin *f resin’?f 


GA ee 7 sin ; 
Be [sin f + Pee Sea | = 7 conf VI —@ + meee A et: 


Reducing this expression in the same manner as employed before, it becomes 


CR a te 7? sin f 2recosf+t 3ae 
ae OL =e - 5 
g I ss a” aa 


a V j= 


dv 


Multiply this by dg, the last expression for 


dt 2 »2r cos f + see 5 (de reosf+2ae iS 
Gs J : Aa. vie eas )s 
the integral to be so taken that it vanishes at the same time with g. 


dz dY Ce 
Substituting these values-of — maa 
ndt? ndt? ndt 


dw chal p 5 GE p. -.-« 
ndt~  ndt ' ndt E COs @ = pe) ae ndt a eee 


this expression can be made to take the simple form 


iF — 4 (i) + Ber (i) oy 
in which 
BE atte co) PASE pee ee aar :3,) ar} 


+ 


tae L § 2p vr sin f 2psinw /r 
Ip fee Ge COS @ 30) ——— ae e) Z 
a Jas a 1/1—e? a 7/1—e* \a cos f’ + a 


198323 
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Since 
Oats r sin ne 
pedg a/1=—= — 
a.7 
— 24 ~ COs 
a’ e. ‘om J 
we have 


1 d. p° (a i Ve dip ([S 
: ca ee es — 8e]" ae a ae dys IJ 
je 1 , ES Oe [ g Sune ithe p — 3¢ ] an Te ' 
2 (1—e Vee aye, de ae.dg 


These expressions for A and B can be much simplified. 


Thus from 


: e4 
= 1+ 28&—(2e— +e) cosg—(4e— 1’) cos 2g — 4 € cos 3g — ; cos 4g—ete., 
2 


shies , p 
and a similar expression for —, we get 
a 


2 


d.p° S. e E 
eee ae ceot be 


> ge OO = (2-2) COSY, 


d.r e A e° 
Fey = (2—;) sing + (e— ,) sindg + Ze sin 8g + Ze’sin 4g + ete, 


NSE 8 2 3 
: = 3¢ | dg = —(2— 2’) sing— (G5) sin 2g —* sin 3g — ; sin 49 — ete., 


aay ele ) 3 2 3 
rg ALS eae e— (2—{) eos y— (5 —;) cos 27 —F cos 3y — 5 cos 4g, 


plex 


a 


d.r 
ae —4e= —e—(2—7@) cos g— (e— 3) cos 2g — 2€ cos 8g — 2’ cos 4g. 
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From which we obtain 


A = —3+(4-+ 2e’) cos (y — g) B=—(2-+ &)sin (y—g) 


e ée 5 
BG noe) 
Qe? mee: 
—(5e + - ) cos ae ) eae 
: -< (32) 

+, cos (y —3y) erin 39) 

ee es) 

ft = cos (y + 29) SE > sin (y + 29) 


These are the expressions of A and B whose values are used in the numerical compu- 
tations. 

‘When we have the coefficients of the arguments in which y is + 1, and —1, we 
obtain the coefficients of the arguments in which y is + 7, with very little labor. 


dW 


Let us resume the expression for ars 


that is, 


= Aa(7) + Bar (5) 


dr 
A and B having the values given before. 


: r 4 
Since -, can be put in the form 
2 


2 


2 = 2h cos kg, 


we have 
7” 2 
d.— Arar ey 
2r sin f eA i‘: ae ‘s a cn 
=e eS OR sin k O = GCOsai ee 
ay/ 1—e* e.dg | = e 8 I; a sf He FE COs kg, 
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But since * 


Pal + $e—(2e—1 + spe’) cos g— (Je — hel + see") cos 2 


a 
— (1é — 4e’) cos 8g — ete. 


we have 


AR© 
de 


3 c 4 A : dR . 
Hence the integral just given is simply = — sin kg. 
ade 


A and B ean then be written 


= pty a? ) ] a) (k) 
vk hae + | (2% cos w+ 3¢ )* Gre 2 Forside “sin kg | 
ae ay/1—é 
| e€ : 2 psinw , dR) 
Nei = SS [ (26 OS G \ ok ‘ 9 —- = ( ee, ) | 
rane 0080 + 8¢ ) 5k ft sin kg i eee kg 26 
Putting 
f= = B® cos xy, 
we have likewise 
p as AR( a —— 
2, cos o = — — _ dh DO Gy aa a ee PRO aj 
a de mn rs qe oa ae c= R® sin xy. 


Introducing these values of 2 “ cos ©, and 20 sin w into the expressions for A and 


B, after integration relative to y we can write W in the form 


WS a ane (xy + Bt ) ) 
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where 
dRi«) RRA 
a) = — +x%— V 
de e 
bt=W +79’, 
Uand V being two functions depending alone on t. 
Putting x = + 1, and —1, we have 
Ee LV. 
de e€ 
oF. ad RY RY a 
Cl) — eee | 
Ke de e 4 
and hence 
gv ae a) a Pas aD 
ig ae 
de e 
Thus we find 
dR) dR) 
[ de Ri) de Ri) ee 
gee ee jeer = x RO a) ae 4 pO a3 x R® a' ie 
de de 
or putting 
ARC) 
de Re) 
Go ee 9d R® + % IR 
. de 
dA Rt) 
de Ri(«) 
te ee 9 ERO eo pew 
de 
we have 
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The values of 7 and 6 are readily found from 


a ; : 9 
@g@olt+}e—Qe—fét A e)cosy—($€—t44+ 4) cos2y 
—(té— 4 &) cos3 y — ete. 
= > A cos x5 
We have 


RO=~1T+3¢é 
RY = —(2e—4fe 4+ Fe) 


R= —(be— 3d + dee’) 


By ge: 9. 
BY =e Ogee ) 
PLC. sae= etc. 
dad R® 
de =e 
aR” 3 2 5 fl 
= Q—86 + fee) 
d R® - 

a A ot gf 
sae ee ere 
dk® ee oe 

dé alae ree é) 
Ce lle 2 2 4 
mB —(4e—- > &) 
ele, ee ete. 
For 7 we have 
ey _@ —g@+ee)  Ge—fGt+HAe) 


1 
6 
(4—22+¢ 5) eer 1 5\ 2 
2 t ae) (2e—4e+ x e*) 


or 


je 
m9 = 3e—Ze— ahr e, (34) 
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In a similar way we have 


Ween —— bene 4 A) = + é. (35) 
In case of the third coérdinate we also compute the coefficients of the arguments 


haying no angle y from those having + y. For this purpose, putting « = On the 
expression for a) we have 


d R® aR g@® Lb go 
(= —_ Br ee (0 (1) a) 
a — de —_— de a d R® er, N 1 (a +. Q a 
” “de 
where 
d RO 
de 
(0}- —_= 
n sae Z 
5d RY 
aad 
For y we then have 
i) 3 eee = 
79 = —(8e+ 2 é + ete). (36) 


Perturbation of the Third Coordinate. 


Let 6 the angle between the radius-vector and the fundamental plane, 
a the inclination of the plane of the orbit to the fundamental ‘plane, 
v—o the angular distance from the ascending node to the radius-vector. 


We have then 
sin 6 = sin 2 sin (v—o). 


If we use for 2 and o their values for the epoch and call them 7 and Qo, &o being 
the longitude of the ascending node, we have 


sin b = sin % sin(v— Q) +s; 


s is the perturbation. 


Thus we find 


Ps 


s = sin ¢sin (v—o) — sin @ sin (v — QQ). 
A. P. 8.— VOL. N. XIX. 
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Putting 
p= sin? sin (o — Qo) , g = Sin @ cos (6 — 2%) —sin %, 
we find 
s = q sin (v—Q)) — p cos (v — &j). 


Instead of s, let us use 


and we have 


bi — g sin (v— 20) — ~ p Cos (Vv — &po). 
‘0 0 


Introducing 7 and calling # the new function taking the place of u, we haye, 
putting © + 7 for v, 1 being the longitude of the perihelion, 


als 2 agp dp p 
a =a a om (@ + %— 20) — ZF 7, C8 (@ + 7%) — Qo)- 


d dj 
To find and - we will employ the method given by Watson in the eighth 


chapter of his Theoretical Astronomy. 


Thus a and @ being direction cosines we have 


&Am—ant Py; 


also 
4% = rsin?i sin (v—o), 
But 
fr — 7 COS v, and ¥ = 7 sin wv, 
Hence 


4 = — «sini sino + y sin? cos a; 
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and 
a —=—sinzsino, (6 = sinzcoso. 
The values of p and q then are given by the equations 


p = — a COS & — FL sin 2, 


gq = — asin 2, + 6 cos Q — sin %; 


from which we have 
da , 
= — COS {2% hae SIN po 


eae pes, — sill 
oN dt 


From the equation z, = a # + @ y we have, first regarding « and @ as constant, 
then regarding x and y as constant, 


dz, <u 
(Gao g+s' 
dz, da. dp 
lal=2a%+ y a =. 
Differentiating the first of these, regarding all the quantities variable, we have 


a2, da dx dp dy d’x pity 
dt) — dt dt ns sia + hs 


dt dt dt? 


Z, being the component of the disturbing force parallel to the axis z,, and X and 
Y the other two components, we have 


ZS, + 8 YZ cos 2. 


Writing for X and Y their values 


eine (les) = = Yet m)%, 


di? dt’ 
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and reducing by means of 


Z=—an+t By, 
we have 
x ay Es Zi : 
Vibe os “tr er + kh? (1+ m)—+ Zcosz, 
, f es 
or 


az di 


ax 
ds. tee Tee 


y : 
vel COs te 


2, : 
qe 2 given above, 


Comparing this with the other expression for 
we have 


da dx dp dy 


ua tag 7 OO 


: : dz ; 
From this equation, and the value of teak since 
a 


dy du = 1 
pent Bere, = k/p(l+m)= me 


we find 
da Mf 
-=—hrcostisinv Z, 
dt 
dp . 
“ua hreostcosv Z. 


see : : d d 
Substituting these values in the expressions for = and - - 
we have 
dp ene 
ay = ’P costsin (v — Qo) Z, 


a a ; 
Gt = 2? COs tcos (VU — {) Z. 
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> 


; dk 
Introducing these values into the expression for Fi 


we have 


dk : : 
ad = 27 C08 t cos (v — 0) 2 sin (@ + 1% — &) Z 


—hr cos? sin (v — Q) é cos (0 + m—Q))Z 
0 


=—hreos?®~ | sin @ COS (v — Qo — (%m— 20) | Z 


0 


—hreost® [ cos o sin (v — Q9— (%— 20) | Zi 


XH 


dQ 
= hreos?” sin (o — sey 
a ( 3) dZ 
1 kim ky/1+m 
Introducing » = ana ,and h = eye 
Ga VP 
we have ° 
dk ] A Bf 
— Le age 2 
ah —-— sin == he 
ndt = 1/1—e*a aie (Caer) 4 laa (37) 
Let 
(ONas = ” sin (o—f); 
— Yl—eaa, , 
then 


dk 2 i) 
oe SS, -a | —}. 
cos 7.ndt C dZ. 


To find an expression for C’ similar to those for A and B we have, first, 


iL (ogae vi p op é 
(Ch ss anit sin w.— cos f — — cos w. — sin af 
/l—e’ La, - a ue Ay a I 
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3 e e Yi Vie ° a e ° . 
Substituting the values of —cosf, — sin f, given before, and similar ones for 
a a ‘ 


’ cos a, “sin w, we find 
My Mo 


C=1 (222 Se 
4 \ ade a’edg : ay edg ade 


Substituting the values of these factors we obtain for C’ the expression 


C=(l—}e) sin g) 
— (3e — =e) sin y 
+ (Ge— § &) sin (y — 29) 
+ 2 é& sin (vy —3gQ) (38) 
+ t@ sin (y—4g) 
— 7 ,é sin (y + 29) 


dw du 


and 


Having found the expressions for ae 
ndt ndt . cos 4 


we haye, finally, for determining the perturbations, the following expressions : 
mz = Nn if W dt, 


v=— inf" ae, 
if 


: : dw 
Two integrations are needed to find ndz. We first find W from re then, form- 


= Th 1 dw 7 e ° sie 
ing W and — } eo from W we have néz and » by integrating these quantities. In 


; ; aw ; | 
the integration of nae We give to the constants of integration the form 


ky + k, cos y + ky sin y + 7» h, cos 2 y + 7 ky sin 2 y + ete. 


THE GENERAL PERTURBATIONS OF THE MINOR PLANETS. as 


dw 


Then in case of — ! ve ie have 
z 


~l 


? 


+ 3k, siny — 3h, cosy + 7 k sin 2 y — 7» k, cos 2 y + ete. 


In the second integration we call the two new constants Cand J, and the con- 
stants of the results are in the forms 


C+ kh nt + k, sin g — kh cosg + 4» hk, sin 2 g — by kh, cos 2g + ete. 
ave —4k, cosg—tk sing — } 7k, cos 2 g — 4 7°) k, sin 2 g — ete. 
In case of the latitude the constants are given in the form 
ld + %sing + l,cosg + 7° 1, sin 2g + 7 1, cos 2g + ete. 


The constants are so determined that the perturbations become zero for the epoch 
of the elements. Hence also the first differential coefficients of the perturbations 


relative to the time are zero. We substitute the values of g and g’ at the epoch in 
i U d : : Sh ate : 
the expressions for néz, v, —, - (ndz), etc., including in g’ the long period term. 
Cost Nndl 
Putting the constants equal to zero, and designating the values of ndz, v, ete., at 
the epoch by a subscript zero, we have the following equations for determining the 


values of the constants of integration: 


C+ kh, sin g —kecosg + 47k, sin 2g —$ 71k, cos 2g + et. + (ndz), = yo 
ky + k,cosg + &sing + 7 k cos 2g + 7° hk sin 2g + ete. + a (ndzZ)yo = O 
Ue 


N — 34h,cos g—4k, sin g— 47” k, cos 2g — 3 n°) ky sin 2g — ete. + Ope 


5 d 
+ 1h, sing— 4h,cosg+ 7 k, sin 2g — 1” k cos 2g + ete. + er ij. — 0 


° 5 U 
b+ sing + bcosg+ 7 & sin 2g + 7 & cos 29g + ete. + ( = re) 


COS 2 


~ 
Bp 


! d 1 
*) 4, cos 2g — 7 1, sin 2g + etc. + (a) ==) 


ndt \eos 4 


l,cos g —hsing + 
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To find k, and &,, we derive from the preceding 
ky | cos g—e+ 7 cos2 g + 7” cos 3 gy + ete. | + ky [ sin g + 7° sin 2g + ote. | 
d 
—34+6(7)+4 oe (ndz)) = O 
ky [ sin g+2nsin 29437 sin 3g + ete. | —k, | cos g + 2° cos 2g + ete. | 
d 
14 ndt (2p 
The value of V is found further on. 


Having k, we find 4, from 
d i 
= Ko —=='¢ k, —§$ Zi) + 3 pe (ndz)o + 6 (v)o Sa), 


We have 


where Z, is the constant of VW. 
Let us find the expressions for the constants VV and K, ‘A being the constant of 


: : 4 : h 
integration in the expression for 3— . 


The equation (22) we can put in the form 


dz hy 


h h 
jp ataet eee 2 ae pistes} iH beh se 
in 2y + (3 7 4y> + etc.) ; 2Qy G 1) : 


The differentiation of nz relative to the time gives 


< —1+h+%4+ Z4,-+ periodic terms, 
where Z = — 32’.7162, in the case of Althea, and 7, the part to be added when 


terms of the second order of the disturbing force are taken into account. 
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The expression for v is 


vy = N + periodic terms. 


The approximate value of - being 1, the complete expression for the integral of d — 


is given by 


hy ea: 
- — 1+ k; + periodic terms, 
k; being the constant of integration. 


Putting (8»* — 4v* + ete. )- — 2y (+ — 1) = V,-+ periodic terms, and substi- 


dz 


eco ve 


tuting this expression, together with those of » oe z , in the expression for 


have, preserving only the constant terms, 


It is necessary now to find the value of &; in terms of the constants. If in the 
° dW, . e . ° . ° 9 
expression for ~, given by equation (18) we write for p , its equivalent a cos “po 


— &p Cos w , we will have 


h —w I? wo dQ 
dW, = hy | 2° cos (f—0) —1—25 a oe) 4 2g ee 


2 2 
My COS *g, Beh. Ay COS "Py 


) dt 
+ 2h)p sin (f —o) (at ) at. 


We also have 


d= = es dt. 


Selecting from the expression for dJV, the terms not containing p cos o and 
p sin w, we have 


dWi=—h, (1 +22 “.) ce dt. 


AvP. S.—V OU. x LX, .O- 
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If the eccentric anomaly is taken as the independent variable we have for the 


complete integral 


Wy = fy + ky cos n + ky sinn —hy { (1+ 255) (Gp) 


Introducing the true anomaly instead of the eccentric, we have, 


f cos w-+- @ : sin w cos 
s1nce cos 7 — —— , ) SIDA a 


1-|-e cos w 1 |e cos w : 


Wor=hmtakh a * 9 008 0 + xe. ae —o sin a — hy f (14255) (FF) dt. 


Neglecting the terms having p cos o and p sin we have in JW) the constants hp 
and é) i. 


: un 
The integral of dj, is 


ei + hy the { (Ge) dt. 


é h 
From the expression for d 7, we find 
h WV dQ 
dj.=—j, ( i ) dl. 
: - : h . 
Integrating this, making use of the value of ;', and adding the constants, we have 


dQ 


9* 1 eee aiid ey Gg 


= ) dt. 


And since the quantities under the sign of integration do not have any constant terms 
we can write 


ho hee 
2, - — =1+h-+ ek, + periodic terms 


lik <9 
. Sen te ke + periodic terms 
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Since & — 1) is a quantity of the order of the disturbing force we have 


=I (1) + (f—2)'—(a) ate, 


from which we get 


h 


Sy ore | Se 
Line he, h 


Now putting 


(— iby a3 C= 1) + ete. = H, + periodic terms, 


substituting this expression and those for 


the preceding expression for 


gives, preserving only constant terms, 
ks = —4(k + ek,) +2 A. 
Introducing this value of /; into the expression for WV it becomes 
N= —4(4h4-eh +3H) +4 (8V,+2H,—3Z,). 
Preserving only the terms of the first order we have 
N=—1(4h + ek, + 3%). 
To find the value of A, the constant of integration in case of 6 . , we have 


hay + dH + periodic terms, 


9 
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also 


From these we get 


Hence 
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= 1+, + periodic terms. 


1 ae 


K=—hy + = M(lo+ eb) +4 Ih; 


or, neglecting the term of the second order, 


== 3 (Ko “fe ek,). 
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Numerical Hxample Giving the Principal Formule Needed in the Computation 


Together with Directions for their Application. 


ALTH@A 119. 


JUPITER. 
GQ = 382° 48), 53/1.2 g =63 5 486 
pee lil, 549) 21.1 | fa AD 36 7 594) | 
Qe 203 51 51.5 1894.0 f 00.9 1894.0 
t= 5 44 46 | Neda oi he) 36.9 | 
g= 4 36 249 Qed 4 251.2 
nm = 855".76428 n’ = 299” 12834 
log n = 2.9323542 log n’ = 2.4758576 
log a = 0.4117683 log a’ = 0.7162374 


The epoch is 1894 Aug. 23.0. 


The elements of Jupiter are those given by Hit in his New Theory of Jupiter 
and Saturn, in which the epoch is 1850.0. Applying the annual motion of 57.9032 
in x’, of 36”.36617 in Q’, to Hint’s value of 2’, and of 9’, we have the values given 
above. The mass of Jupiter is ;p>g/s7,- The elements of Althza are those given 
in the Berliner Astronomisches Jahrbuch for 1896. The ecliptic and mean equinox 
are for 1890. To reduce from 1890 to 1894 we employ the formule of WarTson in 


his Theoretical Astronomy, pp. 100-102. 


v=iti+y7cos(Q—A) 


e=2+ (tf —) © —nsin(Q—6) cob.7 


e ; 7 
w=n-+ (/ —t)—- + vain (8 — 8) tau 32 
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where 
6 = 351° 36’ 10” + 39”.79 (¢ — 1750) — 5”.21 (¢ — 7) 
n = 0.468 (t’ —t) 


dl 
SS gt yr 6) 
uo 50.246. 


These expressions for 2’, 2’ and 2’, can be used for the disturbed body as well as 
for the disturbing body by considering the unaccented quantities to be those given, 
and the accented quantities those whose values are to be found for the time, ?. 
HARKNESS, in his work, Z’he Solar Parallax and Its Related Constants, using the 


most recent data, gives the following expressions for 6, 7, and oe when referred to 
1850.0: 

6 = 358° 34’ 55” 4- 32.655 (¢ — 1850) — 8.79 (¢ — £), 

i = 0.46654 (¢ — 1850), 

dl 


=, == [507.28622 + 0.000220 (¢ — 1850) | (¢ — 2). 


nr 
bet c= 2 
7 ”% 


we have then 
uw = 0.84955 
24. = 0.09910 
du = 1.04865 
4u = 1.39820 
Su = 1.74775 | 
6u = 2.09730 | 
CLC. Sele 

Hence 

1 —3u = — .04865, 
2— 6u = — .097380. 


—s 
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This shows that the arguments (g— 3g’), and (2g — 69’), have coefficients in the 
final expressions for the perturbations greatly affected by the factors of integration. 
In case of the argument (gy — 3g’), we should compute the coefficients with more deci- 
mals; also those of (0 — 39’) and (2g — 39’), since in the developments the coefficients 
of these affect those of (g —3q’). 


From 
sing J.sin $ (¥ + &) = sing (2 — Q’)sin§ (@— 7’) 


( ) 
sin 3 Z.cos3 (¥ + ©) = cos $ (Q—Q’) sin} (¢— 7’) 
cos $ J. sin § (W — ®) = sin} (Q— 9’) cos $ (74+ 7) 
®) 


cos 5 I.cos $ (¥ — ©) = cos $(Q — &’) cos d (4 + 7) 
where, if 8’ > &, we take 4 (860° + 2 — Q’), instead of $ (Q— Q’), we find 


tai? 


=O ele 30.0 
On 33.9 
eae Om leo. 


An independent determination of these quantities is found from the equations 
cos p sing = sin?’ cos (Q — Q’) 
COS p COS Y = Cos 7 
cos psinr = cos?’ sin (Q — 2’) 
cos p cos Tr = cos (Q — 2’) 
sin p = sin?’ sin (Q — Q’) 
-sin Jsin ® = sin p 

sin [cos ® = cos p sin (¢— q) 

sin sin ( — r) = sin p cos (¢— q) 

sin J cos (¥ —r) = sin (¢~ q) 


cos I = cos p cos (?— 4). 
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From 
=z —Q —® 


TV = wv —Q’— 
we have 


TE 156° 15". pb ee eaaiee: 


Then from 


k sm K = cos /sin IT’ 
k cos K = cos IT’ 
i Sin, sim 


k, cos KA, = cos J cos II’ 


Orn Ieee ; — 2ak cos (TI — K) 
p cos P = 2a cos 9’ k sin (I — 14) 
vsin V = 2a cos 9 ksin (II — Fr) 
v cos V = 2a cos 9 cos ¢’ k, cos (TI— Aj) 
w sin W = p— 20? - sin P 
weos W= v cos (V — P) 


w,sin W,= vsin( V— P) 


Ul 
w,cos W,= 2a?* cos P, 
é 


THE GENERAL PERTURBATIONS OF THE MINOR PLANETS. 121 


we find 
a Tn 5” = SONG lope =— 9 999614 
iKsae=t(b6 251 (A log k, = 9.997849 
Jee UR eee o, log p = 9.932748 
ae =5008.26 2.4 log v = 0.601463 
We=206-, 4° 39.5 log w = 0.605196 
Wee OO60n15 38:0 log w, = 0.601352 

Then from 

R=1+a¢—207e?, y=’ e”, 
we have 


log & = 0.702855, logy, = 7.976024. 


The values of the quantities from II to y, should be found by a duplicate compu- 
tation without reference to the former computation, since any error in these quantities 
will affect all that follows. 

We now divide the circumference into sixteen parts relative to the mean anomaly, 
and find the corresponding values of the eccentric anomaly # from 


g= H—esn LH, 


where ¢ is regarded as expressed in seconds of are. Substituting the sixteen values 
of ¢ in the equations 


fsin (#— P) = w sin(# — W)—ep 


f cos (fF — P) = w, cos(#H+ W,), 


we obtain the corresponding values of f and J” 


Nes Mey Si PAYOR UE SOB.G Aes 
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Then in a similar manner from 
Oe Lf ae 
C= %+y2.sin’Q 
logg= log f+ y 


fote, te 2 B70 Ve Lee 
= IF 
ee) 7 +57) sin 2 I +s ( ry a)sind F 


oe eae y (Wor Yo Se Vo Ve V2 oad 
] a Ao A ee i0) fi a Qf? COS 2 ee A a 2 f? ~ 4 if? COs 9 


where s = 206264".8, log”, = 9.63778, 


we find the values of Y, CG, log ¢, «, and y. 


Thus we have found all the quantities entering into the expression 


9 


Ay? : ; ¢ vs ; : 
() = (C—qcos (B’ —Q)) Ne cos ( H’ + @Q)). 
Instead of this, we use the transformed expression 
ie rn 5 ao 2 / =" 
(G) =" (1+ @—2acos(H'—@Q)) 2 (1+ 8 —2b cos (E’ + Q)) 2, 
and have, for finding the values of NV, a, b’, the equations 
4 — sin 
C ee he 
 — sin 
yeas 


a=tghy 
b=tgin 


Ne sec $x SCC 5 71 
ae C 
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To find the value of ay we put 


(1 + a? — 2a cos (#’ — Q))- ei by + by "008( E’— ()+ ne cos 2(.#’— Q)+ ete. | 
(1 + b’— 2b cos (H’ + Q))- = oan Ba + By cos (#’ + @) + B, cos? (B’ + Q) 
+ ete. | 


For finding the values of the coéflicients in these expressions we use RUNKLE’S 
Tables for Determining the Values of the Coefficients in the Perturbative Function of 
Planetary Motion, published by the Smithsonian Institution. With the sixteen values 
of a as arguments we enter these tables and find at once the corresponding values of 


Q) @) (8) 


by a Os gps ACO). ake ae 
pee when those of —,—, —, ete., etc. ; 
GG 0 


1 © 
PY » apa /[ 45 r f; 
ea bs y=- bs Se bs , etc., etc., where 3" is found 


a 
(=) 
- 


Nolo 


a 


from the sixteen values of 3° = = 


Since b in (1 — 20 cos (H’ + Q)) is very small it will suffice to put 


Then from 


n (i) ; 
Cho 5 JV BD, cos 22.0 
2 


(7) n (7) 


Shi aeue dy. B, , sin 27 Q, 


| 
r|3 


we have, in case of u (5); 


(0) (1) 


eS 
ne 1 ly — 1 af : 
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2 a 3 
and, for ua ( =) 


3 (1) 3 " 
5 = ae NW 38bc0s2Q, $5, =p 3b8in 2. 


We divide by 8 to save division after quadrature. 
(  (%) k ( 
With these values of c,, s,, and the values of the coefficients 6 

z 


i) 
ny we find the 
Dy Vy 
values of k;, A;, from 


a (i) (0) (1) G+1), (1) 
k, cos K; = 6, ¢, + (0 + ) 
Ze 


nd 


For 7 = 0, we find k) from 


Then in case of u (=) from 


(c) 
A;, = im'sk,cos [1(Q—g)—4Ki] 


Ae = lm'sk,sin [«(Q—g9)— i], 


where m’ is the mass of the disturbing body and s = 206264.’8 ; 
and from 


= 
= 
Dl 


m’ sa’ k,cos [¢(Q— g) —Kj] 


| 


A,, = §m'so’k,sin [¢(Q— g)—4Ki], 


F o (2\> (c) (8) ; r 
in case of ua? (5) , we find the values of A,;, and A,, for the 16 different points of the 
circumference, and the various terms of the series. 


a 
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. ° (c) (s) e ° 
Again, since A,;,, A;, are given in the forms 


(¢) 1Q) 
A,,=>C,,cosvyg + +C,,snvg 


(8) (c) (s) 
A,;, = 3S,,cosvg.+ >S;,,sinvg, 
$ : > ayy 4 ay ain 
we have the following equations to find the values of the coefficients C;,, Civ, Sivy 


(s) 


° 
i,ve? 


(08 )=Y+X% (eal, —_Y, 
a9)=¥,+¥, C= hi — ¥, 
aut) = teow Gp a, 
(ile Se arae Gee, — Yas 


(0.4) = (0.8 ) + (4.12) 
(1.5) = (1.9 ) + (5.13) 

(2.6) = (2.10) + (6.14) (0.2) = (0.4) + (2.6) 
(3.7) = (3.11) + (7.15) (1.3) = (1.5) + (3.7) 


4 (cq + 2¢,) = (0.2) 

LC Oe (OERY 

A (Gee, )==-(0.8) — (4.12) 

4(q— o) = $[ (1.9) — (5.13) |] — [ (3.11) — (7.15) ]§ cos 45° 
4(s,+ s) = $[ (1.9) —(5.18)] + [ (3.11) — (7.15) | cos 45° 
4d (3-2 5) = (2.10) — (6.14) 


8c, = (0.4) — (2.6) 
8s, = (1.5) — (3.7) 


EL 
bo 
oe 
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(e+e) = (8) + [(e) — Gn) | 008 45° 
4(¢,—¢) = | ( a) (5) | cos 22°.5 + | Gy) as (85) | cos 07°.5 
4 (¢ +o) = (3) —| Gx) — Gr) | cos 45° 

4 (c,— 0) = | (4) — Ge) | sin 22°.5 — | GE) — (35) | sin 67°.5 


4 (s+ 8) = [(4) + Gs) | sin 22°.5 + | G3) + Gis) | sin 67°.5 
4 (s;— 8) = | (5) Si (fr) | cos 45° + (;'y) 
4 (8; + 8) = K Was (a5) | cos 22°.5 — | (r) I (Fs) | cos 07°.5 


4: ($585) i | (25) a i (3) | cos 45° — (44) 


The values of ¢,, s, must satisfy the equation 


(c) (s) 
A; ,, or A;, = 4q+¢,cosg + & cos 2g + ete. 


+ s,sing + s,sin 2g + ete. 


(i) Q ° . 
2 answering to 7? in b,, and x being any one of the numbers, from 0 to 15 inclusive, 


~~ 


b 


(e) 
into which the circumference is divided. We use ¢,, s, as abbreviated forms of C,,,, 


(s) (c) (ce) (8) 
C;,,, ete. Having found the values of ¢,, s, from the 16 different values of A), A,, é 


i, v9 


(c) (8) (c) (8) a a fia 
Axis? ss As, ag DOL tore ( =) and ua” ( =), we have the values of these func- 


tions given by the equation 
NG (c) (s) oo) (). ' : 
@) = $2>(G.,+ S;,) cos Ross vg —tE" | F £2) (G,,-+ S&,) sin | (a + v)g—iB | 7 


The values of the most important quantities from the eccentric anomaly £ to c,, 


. ‘ a » fa\s : . . 
s,, needed in the expansion of « ( "| and ua? (5) , are given in the following tables, 


first for u (“) , and then for ua? (=), when not common to both. 
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Values of Quantities in the Development of u( ‘) and wo(“)., 


r 
4 


g B ee Ve ee W, a PF 

i: ca ee che Wana, er) eee a) Pe th ere 
( 0) 00 10,9 266 4 39.5 266 15 38.0 266 21 17.2 359 24 44.2 
GT) 24 24 4.2 290 28 43.7 290 39 42.9 2909 8 1.8 23 11 34.8 
( 2) 48 26 37.2 314 31 16.7 314 42 15.2 313 40 58.4 | 46 44 25.4 
( 3) T1 52 24.9 337 57 4.4 338 8 2.9 386 53 39.38 | 69 57 -6.3 
( 4) 94 35 14.0 O°39°52.5 0 50 52.0 B09 2L Lae ee 9244-988 
( 5) 116 36 51.7 22 41 31.2 22 52 29.7 Biro ve So aL ho) S48 
( 6) 188 4 29.4 44 ~ 9) 8.9 4420 7.4 | 43 47 3.8 136 50 30.8 
Cet) 159 8 19.6 65 12 59.1 65 23 57.6 65 8 48.4 158 12 15.4 
(8) 180 0 0.0 86 4 39.5 86 15 38.0 86 13 41.4 179 17 8.4 
(9) 200 51 40.4 106 56 19.9 107 7 18.4 107 15 14.8 200 18 41.8 
(10) 221 55 30.6 128 0 10.1 128 11 8.6 128 28 47.5 221 32 14.5 
(11) 243 23 8.3 149 27 47.8 149 38 46.3 150 98 27.6 243 11 54.6 
(12) 265 24 46.0 171 29 25.5 171 40 24.0 172 23 51.4 265 27 18.4 
(13) 288 _7. 35.1 194 12 14.6 194 23 13.1 195 17 19.4 288 20 46.4 
(14) 311 33 22.8 217 388 2.3 217 49 0.8 218 43 0.9 311 46 27.9 
(15) 335 35 55.8 241 40 35.3 241 51 33.8 242 28 57.5 335 32 24.5 
z 1613 47 17.9 
a | 1433 47 18.6 
g Log. f. y x 0) Log. ¢. Log. C. 

a ‘ P| SS 2 noe 

( 0) 0.612427 —.001251 — 12.2 359 24 32.0 0.611176 0.706582 
tel) 0.612078 —.000860 +431.5 23 18 46.3 0.611218 0.706349 
( 2) 0.609315 —.000081 -+598.0 46 54 23.4 0.609234 0.705534 
( 3) 0.605242 -+-.000981 +390.0 70 3 36.3 0.606233 0.704403 
( 4) 0.601312 +.001292 — 58.6 92 43 29.7 0.602604 0.703241 
( 5) 0.598569 +-.000846 —476.9 114 54 37.9 0.599415 0.702241 
( 6) 0.597310 +-.000091 —626.7 136 40 4.1 0.597401 0.701493 
( 7) 0.597194 —.000956 -—435.1 158 5 0.8 0.596238 0.701011 
( 8) 0.597621 —.001322 — 15.7 179 16 52.7 0.596299 0.700788 
( 9) 0.598109 ——.000997 +-408.7 200 25 30.5 0.597112 0.700494 
(10) 0.598582 —,000152 --618.1 221 42 32.6 0.598380 0.700021 
(11) 0.599177 +.0007TT +496.6 — 243 20 11.2 0.599954 0.699872 
(12) 0.600584 +-.001278 + 96.7" 265 28.55.1 0.601862 0.700504 
(13) 0.603163 +-.0010382 — 363.1 288 14 43.3 0.604195 0.702020 
(14) 0.606734 --+.000148 — 600.1 311 86 27.8 0.606882 0.704088 
(15) 0.610302 —.000825 452.4 335 24 52.1 0.609477 0.705810 
py 4.823835 ate 3 5 1613 47 17.4 4.823838 5.622201 
a! 4.823834 — 2 — 0.7 1433 47 17.9 4.823842 5.622200 


OSLO LO LP LO ON LO LOS ONE OO 


iy caries a gs in “Pci cc acm coat, am ces Vs © si aa ca 
| = “a Oo 


u 
Values of Quantities in the Development of u(“) and wa"(“) : 


VG, 
6B 28 45,8 
68 26 41.8 
58 14 15,6 
52 54 88,7 
62 28 66,6 
b2 6 B1.2 
61.68 41,2 
61 46 50.0 
bl 49 41,2 
62 0 62.8 
52 18 36.9 
562 86 21,2 


abe 
~~ 
— 


(0) 
Log. +e 
8.792579 
8.192790 
8.792802 
8.192731 
8.792596 
8.792881 
8.192810 
8.792840 
8.792589 
8.798080 
8.798815 
8.794449 
8.794541 
8.794051 
8.798264 
8.792658 


A NEW METHOD OF 


faa ty 
1 67.88 
q Oe 
T BOOT 
8 98,80 
8 7,86 
8 10,95 
8 18,28 
8 14.55 
8 14.49 
8 18.57 
8 12,12 
8 10.84 
8 8.19 
8 6.08 


8 Y.68 
7 59.70 


(1) 
Log. 4 Cy 


6.16064 
5, 98984 
OSH51n 
G.050T0n 
G.16T84n 
5.98219 
4.98984 
6.08888 
G.1TD49 
6.05859 
5, 28289 
MASLIN 
6.16466n 
GH.0T296n 
PCE WE B27) 
5.97789 


= 
~ 


on 


Log. b. 


7.068818 
7.068792 
T.065778 
T.OGSTSI 
T.0T2405 
T.OT5601 
TOTTOIS 
TOTSTTA 
7.078721 
T.OTTILB 
T.OT66385 
T.OTHOGI 
7.078168 
T.0TOR25 
T.068188 
7.065584 


(1) 
Log. 4 3) 


4.47527 
6.02920 
6.16178 
5.97267 
H. 146980 
6.05562 
G.LT8T8n 
G.0L61L4n 
4.O7TH0'Tn 
HN904KS 
G.LTOGT 
G.0T6IS 
H.86611 
HOMdQOL2n 
6.16200n 
6.041840 


DETARMINING 


Log. a. 


9.701484 
9.701945 
0.699988 
Y.696876 
0.692804 
689296 
V68TL69 
9). 686068 
9, 686526 
9.688321 
9.691160 
9) 698986 
V OYG098 
9.697448 
9, 698559 
9.699982 
TT .b58788 — 
77.558808 


(0) 
Log. b | 
0.882110 
0.882186 
O.B8B1867 
0.881869 
0.880780 
0.880182 
0.829872 
0.829707 
0.829776 
0.820045 
0.880477 
0.880914 
0.881246 
0.831460 
0.BB1687 
0.881858 
2.647716 


(, 


0.502902 
0.608487 
0.601178 
0.497594 
0.492951 

0.488907 
0.486597 
0.485364 

0.485877 
O.ASTS89 
OADLO8Y 
0.494294 
O.AN6699 
0.498261 

0.499597 
0.501109 
8.956816 
8.956845 


(i) 
Log. b, 

, 
9.148094 
0.748669 
9.746285 
9.742875 
9.737346 
0.732946 
9.730425 
9. T290T6 
9.729686 
9.731836 
9.786829 
9, T88805 
Y.T41407 
9.743078 
744461 
9.746165 


TT.912026 
77,912945 


Log. XN. 


9.695669 
9. 695880 
9.695892 
9.695887 
9.695616 
9.695421 
9.695400 
9.695480 
9.695629 
9.696120 
9.696905 
9.697582 
9.697631 
9.697141 
9.696854 
9.695743 


~77.569096 


TT.569088 


aan gk a 
Log. b \ 


9.829969 


9.381018 
9.826571 
9.819511 
9.810298 
9.802294 
9.297590 
9.295111 
9.296148 
0.300183 
9.806586 
9.812970 
9.817788 
9. 820808 
9, 823827 
9.826443 


| 4.508299 


7T4.508268 
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Values of Quantities in the Development of u(“) and wa(“). 


A. P. S.—VOL. XIX. Q. 


A 
(3) (4) (5) (6) KOO) fae eS a te 
Log. os Log. 2 Log. ey Log. by Log by Log. 1 Log. by 
( 8.954999 8.60017 8.2570 1.9215 Tools 7.2654 6.9426 
( 8.956515 8.60214 8.2594 7.9244 7.5947 7.2691 6.9468 
( 8.950082 8.59373 8.2490 7.9120 7.5804 7.2528 6.9286 
( 8.939865 8.58036 8.2326 7.8926 7.5578 7.2271 6.8997 
( 8.926521 8.56292 8.2110 7.8668 7.5280 7.1932 6.8617 
( 8.914818 8.54760 8.1921 7.8444 7.5020 7.1636 6.8285 
( 6 8.908100 8.53882 8.1812 7.8314 7.4870 7.1466 6.8094 
( 8.904506 8.53411 8.1754 7.8244 7.4789 7.1373 6.7991 
( 8.906000 8.53606 8.1778 7.8273 7.4822 7.1411 6.8033 
( 8.911861 8.54373 8.1872 7.8386 7.4953 7.1561 6.8201 
( 8.921142 8.55588 8.2024 7.8565 7.5160 TL ERG 6.8464 
( 8.930392 8.56797 8.2172 7.8742 7.5367 7.2031 6.8728 
( __ 8.937298 8.57701 8.2285 7.8875 7.5520 7.2205 6.8923 
( 8.941742 8.58283 8.2355 7.8960 7.5618 T2307 6.9048 
( 8.945388 8.58760 8.2415 7.9030 7.5700 7.2410 6.9152 
( 8.949898 8.59349 8.2488 T9117 7.5800 7.2524 6.9280 
71.449530 68.55219 65.7484 63.0060 60.3071 57.6402 54.9995 
71.449597 | 68.55223 65.7482 63.0063 60.3072 57.6404 54.9998 
3 ‘= 3 Gt eee eG) I So ee CON P(t) Y (2) (3) 
g |Log. tN | Log.4c, | Log. ts, Ofew0e)  u0rn0, | Log..b, || Log. 6; 
2 a 2 2 a a 
(0) | 8.183917 5.42374 3.738370 0.280319 | 0.417421 | 0.200612 | 9.961097 
(1) 8.184550 5.25307 5.29293 0.281000 0.418474 0.202090 9.963016 
(2) | 8.184586 4.249287 5.42550 0.278120 | 0.414013 | 0.195824 | 9.954877 
( 3) 8.184421 5.31430n 5.23627 0.273612 0.406981 0.185917 9.941987 
( 4) 8.183758 5.430287 4.40987n 0.267827 0.397890 0.173060 9.925223 
( 5) 8.183173 5.244547 5.31797 0.262860 0.390004 0.161858 9.910585 
( 6) 8.183110 4.20163 5.436072 0.260054 0.385513 0.155458 9.902210 
(7) 8.183200 5.29621 5.27852n 0.258559 0.383116 0.152039 9.897732 
( 8) 8.183797 5.43847 3.838050 0.259184 | 0.384116 | 0.153464 | 9.899598 
(9) 8.185270 5.31804 5.25490 0.261621 0.388024 0.159038 9.906900 
(10) 8.187625 4.49962 5.43747 0.265530 0.594254 0.167901 9.918485 
(11) 8.189506 5.216817 5.34487 0.269488 0.400515 0.176758 9930076 
(12) 8.189803 5.433647 4.63509 0.272484 0.405223 0.183435 9.938754 
(13) 8.188833 5.384047n ‘5.209538 0.274429 0.408267 0.187732 9.944350 
(14) 8.185972 4.50257n 5.427140 0.276036 0.410773 0.191265 9.948948 
(15) 8.184139 5.24121 5.304667 0.278037 0.413885 0.195644 9.954643 
2 65.482568 2.159554 3.209203 1.421019 79.449192 
65.482592 2.159606 3.209266 1.421076 79.449289 
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3 
Values of Quantities in the Development of u (“) and ua?(“) : 


(5) 


) 


(9) 


5 ance Or (8 
g ous Log. b, Log. bs Log. bs Log. os Log. be 
> OR 2 4 

( 0) 9.70884 9.4484 9.1822 8.9118 8.6383 8.3621 
(eb) 9.71121 9.4512 9.1854 8.9155 8.6423 8.3665 
( 2) 9.70116 9.4393 9.1716 8.8998 8.6247 8.3471 
( 3) 9.68524 9.4203 9.1496 8.8747 8.5965 8.3158 
( 4) 9.66450 9.3955 9.1207 8.8418 8.5595 8.2747 
( 5) 9.64638 9.3739 9.0956 8.8131 8.5273 8.2389 
( 6) 9.63600: 9.3614 9.0813 8.7968 8.5089 8.2184 
(7) 9.63043 9.3549 9.0735 8.7880 8.4991 8.2077 
Gs) 9.63276 9.3576 9.0766 8.7914 8.5030 8.2119 
(39)) 9.64181 9.3684 9.0893 8.8058 8.5191 8.2298 
(10) 9.65617 9.3856 9.1093 8.8287 8.5449 8.2585 
(is 9.67052 9.4028 9.1299 8.8515 8.5705 8.2868 
(12) 9.68125 9.4156 9.1440 8.8684 8.5893 8.3078 
(13) 9.68816 9.4937 9.1537 8.8791 8.6015 8.3213 
(14) 9.69382 9.4305 9.1614 8.8882 8.6118 8.3329 
(15) 9.70087 9.4389 9.1711 8.8992 8.6240 8.3464 
S 17.37450 75.2339 73.0471 70.8269 68.5804 66.3134 
x 17.37462 15.9341 13.0474 70.8269 68.5803 66.3132 

g°\ Log ko oe tky | Koen ks | Log. k, | Log. &,| Log. &, | Log. k, | Log. k, 
( 0) 8.824187 8.54499 8.12562 7.750420 7.39550 7.0523 6.7168 6.4105 
(ab) 8.824302 8.54433 8.12588 let l220 7.39678 7.0540 6.7190 6.4054 
( 2) 8.823605 8.53875 8.11916 7.742693 7.388634 7.0416 6.7046 6.3714 
( 3) 8.822665 8.53172 8.10982 7.730361 1.37091 7.0232 6.6832 6.3298 
( 4) 8.821701 8.52543 8.09963 7.716100 7.385261 7.0007 6.6565 6.2932 
()) 8.821143 8.52236 8.09246 7.705215 7.33807 6.9826 6.6349 6.2764 
(GG) 8.821183 8.52300 8.09009 7.700585 7.33130 6.9737 6.6239 6.2809 
( T) 8.821397 8.52470 8.08981 7.699023 7.32855 6.9698 6.6187 6.2913 
( 8) 8.821810 8.52671 8.09164 7.701551 Redo Lol 6.9732 6.6226 6.3027 
( 9) 8.829444 8.52829 8.09567 T.7T07159 7.33895 6.9824 6.6337 6.3093 
(10) 8.823323 8.52965 8.10077 7.715298 7.35002 6.9965 6.6506 6.3129 
(11) 8.824009 8.53059 8.10550 7.723069 7.36070 7.0100 6.6669 6.3147 
(12) * 8.824933 8.53159 8.10915 7.728940 7.36874 7.0202 6.6793 6.3196 
(13) 8.824055 8.538359 8.112338 7.733450 7.37462 7.0274 6.6879 6.3342 
(14) 8.823809 8.53721 8.11622 7.738311 7.38053 7.0345 6.6960 6.3608 
(15) 8.823826 8.54164 8.12118 1.744493 7.88795 7.0433 6.7062 6.3901 
Dy 70.583851 68.25726 64.85258 61.793910 58.89655 56.0927 Joe 50.6520 
Zay 70.583841 68.25722 64.85260 61.793920 58.89653 56.0926 Dood 50.6512 
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Values of Quantities in the Development of u() and wa(“)" 


g | Log. ks, Log. ky IE 1a A; K, Ke K; K, IG 
/ / / / / y / 

( 0) 6.0606 5.7378 — 0.6 — 0.4 — 0.3 — 0.3 — 0.3 == — 038 — 0.8 
Gal 6.0686 5.74138 +20.3 +-12.9 +11.4 +-11.1 -+10.6 SEIKO S I +95 + 8.3 
(2) | 6.0454 5.7212 Seo meee eT.S sie 15.9° 2146 814.0 4-13.65  4-19.5 
(3) | 6.0178 5.6904 ee ett 1 e100 Selo «449.4 “+ 9.2 + 8.8 
( 4) Sevier) — yaya ly — 2.8 — 1.8 — 1.6 — 1.5 == 1-5 — 5 —15 —1.5 
(5) | 5.9541 5.6191 pee 4 > 12 12.0 08 116s 11.4 11.0 
(6) | 5.9391 5.6019 =o) ae 20 ON Cee 15. 158° 14.9 14.5 13.7 
(7) | 5.9316 5.5984 oe eee Oe ep 10,0 0 2105.) 210.1  =29.2 — 8.9 
Cas,) D.0904 975.0985 (07 c= (OL) — 0.4 — 04 ==) (4: — 0:3 — 03 — 0.38 
(9) | 5.9512 5.6151 Se Omen 3) eT Gmee 10.9 7 a 9.8. 2.94 9.0 8.2 
(10) | 5.9737 5.6405 POO epeeeis. 6 S—=H1G4 215.3 2149 L145 -=-141 +13.8 
(11) EMIS) — Belolarnts Se 2a.4 +14.9 +13.1 +12.3 +12.1 ILE) 11.7 +11.3 
(12) 6.0124 5.6842 -- 4.5 + 2.8 + 2.5 +. 2.4 + 2.4 - 2.3 + 2.3 + 2.2 
(13) 6.0251 5.6968 Ie —10.8 — 9.5 — 8.9 — 8.8 — hl — 86 — 8.4 
(14) | 6.0341 5.7083 ae eee poe e147 22128 2189, 13:6 —13.0 
(15) 6.0468 5.7224 led) —13.4 —11.8 ssl) 0.6 —10,2 — 98 — 9.0 
gy 45.3439 CSS yo en rare ESS 

» 45.3441 Cody eens | Capt 1.8 zee 


g Log. lLog-k, lLog.k, lLog.k lLog.k, Log.k; Log. hk, Log. k, 
0) 8.465272 8.60289 8.38621 8.14674 7.89481 7.6341 T3009 7.0975 
(1) 8.466247 8.60407 8.387TTT 8.14874 7.89694 7.6369 7.3712 7.1013 
(2) | 8.462637 8.59849 8.38030 8.13935 1.88563 7.6238 7.3561 7.0843 
@s)) 8.457236 8.59018 8.369038 8.12505 7.86829 7.6033 7.3326 T.05TT 
( 4) 8.450550 8.58006 8.35509 8.10719 7.84645 TOCA 7.3026 7.0237 
( 5) 8.445362 8.57214 8.34391 8.09259 7.82837 enone 7.2776 6.9950 
( 6) 8.443224 8.56872 8.33868 8.08543 7.81922 7.5446 7.2645 6.9800 
Ge) 8.442508 8.56750 8.33651 8.08224 7.81495 1.5395 7.2581 6.9726 
CRP) 8.444020 8.56954 8.383902 8.08521 7.81840 7.5433 7.2623 6.9TT1 
G2) 8.444679 8.57452 8.384564 8.09354 7.82847 (nat 7.2760 6.9925 
(10) 8.453974 8.58206 8.35573 8.106382 7.84401 Kesyiey! 7.2971 7.0165 
(iT) 8.458368 8.58906 8.36522 8.11851 7.85895 T5912 iesienG 7.0400 
(12) 8.461465 8.593845 8.37153 8.12680 7.86927 7.6036 7.3320 7.0564 
(13) 8.461922 8.59532 8.37468 8.13126 7.87506 7.6105 7.38405 7.0660 
(14) 8.461886 8.59651 8.37704 8.13471 T.8T957 7.6163 7.3472 7.0739 
(15) 8.462852 8.59905 8.38088 8.13992 7.88616 7.6242 7.3564 7.0845 
D3 68.69172 66.90360 64.93175 62.85706 60.7165 58.5297 56.3095 


2! 68.69184 66.90364 64.93185 62.85719 60.7166 58.5300 56.3096 


Values of Quantities 


A NEW 


METHOD OF DETERMINING 


in the Development of u(4) and ua?(*). 


| | - 
g | Log. ky Log. ky || Ay ke K, |(Q-g)-K, 2(Q-9)—K, 3(Q-g)—K; 
— } = ow iv | ay, ae 7 , 7 / | - ata (e) , ie} / / 
( 0) | 6.8240 6.5478 —0(.1 —0.1 —0O.1 || 3859 25.1 358 49.5 358 13 55.0 
(1) 1 6.8280 6.5522 +4,4 +4.4 +-4.4 0 28.5 126 else 5.0 
G2 6.8092 6.5317 +6.0 -6.0 +-6.0 PE 265 3 381.0 5 27 34.4 
en) 6.7795 6.4988 13.9 +-3.9 13.9 Die 16.2 4 55.5 7 380 (33.9 
( 4) 6.7414 6.4566 -—0.6 —0.6 —0.6 2 46.3 5 28.8 Sil ee 4 
( 5) 6.7093 6.4209 —4.7 —4,7 —4,7 2 A738 5 3.8 1 26> 37.6 
( 6) 6.6921 6.4016 —6.2 —6.2 6.3 a eS) 3 39.1 5) 16 * 57.0 
(rin 6.6837 6.3923 —4.3 —4.3 —4.3 0 55.7 L282 1 56 39.0 
( 8) 6.6887 6.3976 —(0).2 —(0.2 —(.2 309° 917.6 358 34.3 35 TiG01, B38 
Cm 6.7058 6.4165 +-4.0 4.0 +4.0 357 36.2 355 38.7 353 35 39.5 
(10) 6.7327 6.4468 +6.1 +6.1 JE 356 13.4 3538 «6.5 349 51 14.9 
(Lk 6.7589 6.4752 +5.0 +-5.0 5.0 355 26.8 351 25.5 347 17 29.4 
(2 6.7773 6.4958 121.0 Ee ate 855 24.4 350 55.0 346 24 12.8 
(13) 6.7883 6.5081 —3. —3.5 —=3.5 358° We 351 40.2 347 23 40.2 
(14) 6.7976 6.5187 —6.0 —6.0 —6.0 357 4.6 353 30.7 350 5 3.8 
(G5) 6.8098 Gost —4.5 —4,5 —4.5 308 log 356 Sal 8538 56 22.5 
x 54.0630 51.7961 0 0 .0 1793 47.8 Lisi e228 73.6 
at 54.0628 51.7957 + .3 + .3 + .3 1433 47.3 142) 21 og. 
g A(Q—9)—K, 5( Q—9)—K; 6( Q—9)—K, 1 Q—9)—K; 8{ Q—9) 5 9 Q - 9) — Ka 
10) / ie) / O / 2) / [e) fs 
(9) 357 38.5 301 . 5a. 356 27.5 355 52.1 855 16.7 354 41.2 
er) ol ee) 3 53.2 4 49.5 5 B1s 6 21.1 1 105 
( 2) T 22.4 9 17.4 11 12.4 13 7.3 ths a ets bal 
(3) 10 4.4 12 38.3 1S ee by 17 46.0 20 19.8 22 53.6 
( 4) 10 955.5 13 39.0 16 22.5 FS) (ea) 21 49.5 24 33.0 
(25) 9 50.6 12) 15.0 14 39.4 heat) 19 28.4 21 52.8 
( 6) 6 55.9 8 35.6 10. 15.3 11 54.9 13 34.5 15 14.2 
(i) 2 30.9 3. 5.5 3 40.1 4 14.7 4 49.3 5 23.9 
( 8) 357 8.0 356 24.9 855 417 354 58.6 3854 15.5 3538 32.4 
eno) dol 31.8 349 27.7 347 23.6 345 19.5 343 15.4 341 11.3 
(10) 346 34.9 343 17.8 340 0.7 3360. 43.1 333 26.7 330 = 9.6 
(11) 343 8.5 338 58.9 334 49.3 330 39.7 326 30.1 322 20.5 
(12) 341 53.2 337 22.1 332 51.1 328 20.0 323 48.9 ep RS es vies) 
(13) 3843 7.7 338 52.3 334 36.9 330 21.5 326 = 6.1 321 50.7 
(14) 346 40.5 342 16.6 339 52.7 336 28.8 333 4.9 329 41.1 
(15) 351 50.4 849 44.9 347 39.4 345 33.8 343 28.2 341 22.7 
2 ‘ 1744 6.5 
“ 1384 6.0 
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(9) (¢) (8) (¢c) (8) (9) (s) (c) (8) 
Y) 0 1 i | 2 an A, A, 4 
7, > I ip " 1) ie Tes 7 ar: 7 
( 0) 13.13109 6.9027 —.0701 +2.6281 —.0539 +1.10745 —.03418 +.4889 —.0201 
( 1) SUS 458 6.8933) -—.0571 2.6294 —-.0647 POO 04356 4901 -+.0262 
(22) Hols, Gas Boma ilee 2.5849 +-.1588 1.08348 --.10356 4A%51 —-.0615 
(>) 13.08513 6.6912 -+.2633 2 2 Ame hG 1.04890 +.13827 4553 —--.0809 
( 4) 13.05615 6.5922 --.31992 2.4646 --.2364 1.01833 —--.14604 4353 --.0840 
( 5) TESOR RY) py lee uley Papen) <a PASO) O99 004s E2930 4294 +.0733 
( 6) 13.04058 6.5584 -+-.2479 2ALT2 Se.1543 0.98867 -+-.09095 4190 +.0509 
( iy) 13.04700 6.5880 —+-.1067 2.4198 +.0585 OSs ior 08339 rAsleS Opa Olea: 
( 8) 13.05942 Gol 90) 0816 2.4317 —.0606 OSC =O ally OMS APPA 
( 9) 13.07850 Gx60 Mio 2.4464 —.1863 0.99667 —.11189 4749 ==0633 
(10) 13.10500 6.6498 —.4889 2-46 45- —.2979 1.00593 —.18002 | Sie L023 
(11) 13.12573 ROMS — Ji DAS I Gea (a2 1.01487 —.22886 1892), — al) 
(12) 13.138248 LO = SB INY) 24991 — 3995 1.02497 —.24789 Sees <= Ail 
(13) LS. 12602 6.7090 —.4658 POPE <= OS) 1.03984 —.23254 JG) —— ila yay! 
(14) omlO Git Gettoie =—.3458 2.5559 —=.2907 206142 = als a00 .4600 —.1090 
(15) 13.12018 6.8478 ae One: 9.5954 —.1791 MOS6689—=L 1537 4760 —.0683 
ay 104.75791 53.5708 —.7340 E20 0460) ==553 1 8.26962 —.34421 +3.5661 —.1992 
Dh 104.75663 Nao —sitayaye! =—20.04635 ——55d1 8.26992 —.34409 | +3.5662 —.1992 
(c) (s) er (s) (c) (s) (c) (s) (¢) (s) 
Fo 5 5 6 6 417 7 tig 8 9 9 
” " a 1 I’ i i i i} " 
C0) +.2217 —.0114 +.1023 —.0063 +.0505 —.0036 +.0226 —.0019 -+-.010T —.0010 
( i») ge = Odi 1027 -+-.0085 0498 -++.0048 .0226 +.0025 .0108 +.0014 
(2) DISS =—.0350 0978 —-.0194 -0451 —§.0105 LOQTeSt= 0057 .0099 +.0030 
( 3) 2028 --.0454 -0916 ——.0249 0401 +.0128 .0192 +.0071 .0089 -+-.00388 
( 4) 1916 +.0465 10856 --.0252 03865 +.0126 0176 -—-.0070 .0080 --.0037 
( 5) 1848 +.0401 .0821 —-.0215 203060 ==20109 0167 =—.0059 0076 -+-.00380 
( 6) SSS ee 0 2nen 0815 —+-.0147 .0868 -+-.0078 .0166 --.0040 0076 +.0021 
8) 1833 —§.0099 0816 —+.0052 .0384 +.0028 .0168 -+.0014 0TT --.0607 
( 8) noe ONG 08238 —.0062 20304 5 .0169 —.0017 00T8 —.0009 
( 9) .1860 —.0346 0826 —.0185 .0388 —.0102 0168 —.0051 00 Th —.0026 
(10) 1870 —.0561 082 1 — 0301 0372 —.0160 .0166 —.0083 .00T5 —.0043 
(11) SS Ge—— O22 0827 —=.03889 .0354 —.0199 .0163 —.0108 0072 —.0056 
(12) L904 20793 .0837 —.0429 50300 R= 0216 O63" -—.0 120 0072 —.0062 
(13) 1956 —.0756 0867 —.0411 ,0369 ——.0210 AES AON .00TT —.0060 
(14) a2 04.063 ADS tsy = OB Si8 .0414 —.0180 0190 —.0096 (003 @—— 005i 
(15) 2140 038% 1098 —=0 214 0468 —.0120 0210 —.0062 .0098 —.0033 
Dy +-1.5765 —.1105 +.707T —.0598 + .3219 —.0318 | 1467 —.0168 |+.0674 —.0087 
pall +1.5768 —.1106 +.7078 —.0598 +.3218 —.0318 L 1467 —.0168 -+.0674 —.0086 
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In the expansion of wa? ae 


| (c) (c) (s) (c) (s) (c) (s) (c) (s) 
g 0 1 A, 2 A, A; 3 4 4 
;; " - aa aan "7 ” ” ” ” 
( 0) 23.3520 | +32.0569 —0.3301 | +19.4613 —0.4009 | +11.2092 —0.3464 +-6.269 —0.258 
ean 93.4045 32.1423 --0.4199 195273 -- 0.5272 11.2569 -+-0.4603 6.300 --0.347 
( 2) 23.2107 Sli Sods 19.1618 +1.2486 10.9731 1.0737 6.096 --0.802 
(a) 22.9939 Sy Sy ESSN: 18.6375 +1.6470 10.5748 +1.4097 5.813 --1.041 
( 4) 99 DT3T 30.3821 -++1.4503 18.0867 --1.7240 10.1842 -+-1.4580 5.516 -+-1.0638 
( 5) 22.3056 99.8387 —-1.2952 Lieovst aie 9.8190 + 1.2644 5.810 +0.912 
( 6) 22.1960 29.6180 --0.9110 PiR4a56 = 120505 9.6988 -+0.8734 5.239 +-0.626 
( T) 29.1595 99.5473 0.33842 17.3564 --0.3782 9.6618 +-0.3118 5.219 +0.292 
( 8) 22.2368 29 68600 —Oro Cle 17.4552 —0.4367 9.7264 —0.38654 5.259 —0.204 
(29)) 29,4949 SQ0100 1 LS 17.6808 —1.3068 9.8617 —1.0915 5.831 —0.786 
(10) DOT Lait 30.5086 —1.8033 18.0224 —2.1155 10.0680 —1.7762 5.4386 —1.285 
(11) 29.9837 30.9679 —2.3042 18.3471 —2-7150 10.2558 —2.9962 5.586 —1.667 
(12) 23.1482 31.20% — 24810 18.5835 —2.9616 10.4131 —2.6144 5.627 —1.839 
(13) 2351725 31.4193 —2.3026 18.7500 —2.7837 10.5580 —2.3763 5.7389 —1.748 
(14) 25.0106 31.5886 —1.8219 18.9291 —2.2155 10.7412 —1.9027 5.895 —1.409° 
(15) 23.2229 31.7564 —L.1097 LOST) SSG 10.9764 —1.1843 6:09 sa eS Se 
ry 182.6088 246.7758 —3.4423 147.0656 —4.10T1 82.9580 —3.5000 +45.337T —2.564 
St) 182.5968 946,7862 —3,4356 147.0719 —4,1125 82.9644 —3,4985 +45.339 —2.563 
(c) (s) (c) (s) vk (s) (c) (s) (c) (s) 
g 5 5 6 6 7 7 8 8 9 9 
" ” " ’” ” ” " ” ’ 
(0) | +8440 —0.177 | +1868 —115 | +1.000 —072 | +.532 —.044 1.282 —.027 
(1) 3.458 0.240 1.874 +157 1.005 -+.098 535 4.060 283. 1.036 
(2 3.318 40.550 1.781 +.356 944 L991 49T +.134 260 -1.076 
( 3) 3.130 10.706 1.660 +.453 868 4.279 450 -+.167 231 1.098 
( 4) 9.937 10.713 1.540 1.458 ‘197 -L.276 409 -+.164 208 -+.095 
( 5) 2.812 +0.606 1.467 -+.381 .156 +.232 BTT +.133 196 --.078 
(26) 2.772 +0.413 1.448 +.260 148 +.157 883 -+.092 195 -++.053 
a: 2.766 -+1-0.146 1.446 1.091 150 -.055 386 1.032 197 +.019 
( 8) oA89 O15 Hee Ea SY ote 0os 3289 —.039 “199 —028 
( 9) 2.894 —0.522 1L.4%4 —=.399 160 —199 889 Shy 197 —.067 
(10) 9.870 —0.855 1.491 —.540 Ode oa oc) —.L09 eS esha 
(11) 25952 la 1.505 —705 aD — = Ay 39 — 9b: SICA eae 
(12) 2.963 —1.235 12528 00——cloo qty (Ss oe —— 280 188 —.162 
(13) SeOaD =n 1.582 —153 .803 —.457 0d 292 201 —.158 
(14) 3.164 —0.957 1.670 —.615 RBG e—rans 446 —.2297 29T —.133 
(15) 3.312 —0.604 Lis =—.891 942 —.243 S490) ——— al At 9959 —.08i 
Pe 24.253 —1.723 12.780 —1.094 +6.639 —.648 +38.423 —.392 +1.752 —.232 
of 242259 e— 1 (2a 12.783: 1.095 6.641 —.660 +38.415 —.395 Th 1. 7225 
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va (¢) (s) (c) a 
The Quantities $C;, , $C,,., $S;, , 4S;, , arranged for Quadrature in the Expansion of 


J.) (eal i aes Va 1! = 4,=6 
( (ce) 1] ' uw " i Mr i 
| Cy |+4[209.51454]|- -+-53.571 + 20.046 | +48.96978 | +3.566 | -+1.576 -+.107 
ps 
(c) 
| Si Slap —.598 —.34414 —.199 —.110 —.060 
(e) : = = 
Ca -++.25653 +..548 + 382 +.22949 4.129 SEO -+.038 
(s) 
Six +1.706 +1.278 --.78997 +.456 +253 ae 25 
‘esl Ee 
Cia —.25027 192 —.046 —.01129 +.002 +-.005 +.006 
I (c) 
Sia +-.022 SeOLy +.00807 +.008 +.001 .000 
(©) 
Ci +.00463 | -  +.257 +.096 -++.05847 +.038 +.024 -+.013 
4 (s) 
| | Sic —1%0 —.003} 4.01885 | +.017| +.007] +.004 
f | Ci. +-.12279 +4..128 4.080 | -+.04667 Eeggave . Ael01, | be ae.00! 
(c) , 
: | Sip +.065 +.048 +,03063 018 010 1.006 
, ( 
: [ey mua seac aro 
: | Cis -+.03070 +.020 +.007 +..00662 +.005 +.002 +.001 
: | (s) 
| Sis —.003 + .002 +..00216 +.002 +.001 +.001 
: v=3) Ge) 
] Cis +-.05945 +.041 4.093 | +.01819 +.006| +.003| +.002 
(e) 
[Sis 000 —.001 —.00217 —.002 =.001 = 01. 
ee (2) 
Ci +..00037 +.001 -+.00030 
(s) 
a 000 +.00052 
Ve (s) ; 
Cis +-.00055 000 +.00076 


|S: ; —.001 —.00103 
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(8) 


a (c) (s) A : 
The Quantities $C, , 4C,, , 4S; , 4S;, , arranged for Quadrature, in the Expansion of 
a6 : 
a 7 
1=0 ot tn 4H 8B 4H 4 HH I KHIM tH 8 A KD 
[ (c) a a ih i" i Ri i Wa W " 
| Cho +4 364.6002] +246.7810| +147.068) +82.9613|+45.338|+24.256|+ 12.781)--6.640)|+-3.419)--1.751 
y—0} 
(¢) 
ee —3,.4888] —4.110| —3.4992| —9.562] —1.722) —1.095| —.654| —.392| —.228 
L 
{  (e) 
| Cin +-4.3500) +4.6277| +83.873} -+2.8862] +1.956) 41.253] +.771| +.461| 4.270) +.154 
| (s) 
| Sia 17.8438) +9.373] +-7.9505| +5.816] +3.910] +2.488),+1.514) +.898| +.521 
Via (s) 
C4 —1.8014| 1.1511) —.801] —.3643) —.106] -+.017| -+.062| --.078) +.058) +-.049 
| (c) | | | 
| Si +.1015} +.104| -+.0731) °+.043/ -+.024| -+.011| —.008) +.003) +-.001 
Vea 
| Ciz —.2566) +.0899/ +.294/ +.3888) +.384, +.397) -+.252| +.193) 4.134) +.086 
ie cons 
ee +.1010) +4.296/ -+.8297; +.302) +.239| 1.173] -+-.116} +.078| +.047 
y=? fay | 
|e +1.1803) 1.1209] -+4+.883/ +.6281) +.418) +.266/ +.162) +.093| +.058) +.031 
(c) 
|S. -+-.8367/ +.400] +.3459] +.955) +.170} +.106) +.065]) +.034; —.018 
( tO} 
| Gis +.1113)  +.1140) - +.099} +.0809] +.066) +.049/ +.035) +.024) +.013] +.012 
| | 
| Sis 0110 .000) +.0059} +.012} +.015] -++.015} +.015) +.013) +-.008 
y=) a 
| 4,3 +.5132) +,.6602; +.317/ +.2097/ 4.130) +.076] +.043) +.020) +.012| +.002 
| 
| Sis —.0138) —.030/ —.0344| —.032| —.097| —.020| —.005| —.010| —.005 
f _(e) ‘ ss 
Ci. +.0177} +.0085} +.003/ +.0028} +.009} +.002 000] +.001;  .000) +.001 
(s) : 
fi Sis +.0117/ +.005) +.0061] +.005) +.006] -+.004} +.004} +.001) +--001 
== . 
(s) 
C4 +.0182;  +.0172) - +.016} +.0134} +.010) -+.006] -+.005] +.003} —.002| +.001 
(c) 
fy —.0109) “= .022) 0182) —.016) —.012|) = 008) -2.002)/2 == 003)7==1001 
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° . (c) (s) ° ° e | 
The quantities O;,, C,,, etc., of the preceding tables have been divided by 2 to 
save division after quadrature. To check the values of these coefficients we will take 
the point corresponding to g = 22°.5, using the equation 


(c) (s) 
A,, or A, = $C, + Gcosg + GC, cos 29 + ete. 
+ S, sing + S& sin 2g +- ete., 


noting that the tables give one-half of the values of these quantities. 
Thus we have 


iia HN —— pate | ee 
(ec) i (ec) i uw 
4G,o = +53.571 +20.046 8,9 = — 0.735 — 0,553 
(ce) (s) 
Gy = + 1.013 ee atk Si, = + 1.806 ee 
(s) (c) 
Cre ar 094 ey Si e040 ac .031 
(¢) (s) 
Cy, “=== 863 + .135 ou 240 — .004 
(s) (c) 
Cio =+ 181 Seat t 4 Sis = + .092 TEE OTO 
(c) ; (s) 
CQ = + .015 =" 005 ps = —_ -.005 + .004 
(s) | (c) 
= Se 4+ 048 ot ee 0 — .001 
(¢) (s) 
Cy = 0 a4 Si4 = ) 
(s) (c) 
Wl == 0 an Sia — 0 
// Pipe iad // 
et, 196 -+21.018 > =+ 0.458 + 0.521 
4 = + 6.891 + 2.627 +> = "+ 0.057 + 0.065 
(¢) ) (8) 
A, = + 6.893 + 2.629 UA. 0.057 + 0.065 


In this way we check the values of these quantities for all values of 2, in case of 


both w(4); and ua?(“\, 
Applying to the coefficients of the two preceding tables the formula 
n (c) (s) (8) eye : : : 
(3) —=222(C,, a S45) Cos | iF r)g— iE’ | + £d=(C,, £ S,,) sin KG Fv)g—t’ | 


© 


ye 3 
noting that § has been applied, we have the values of u(5); a (“) that follow : 


A. P. §8.—VOL. XIX. R. 
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Gale. cos sin COS sin 
/} // tI vr 
0 0 -+-4[209.51455 ] +-4[ 364.6002] 
1— 0 --0.256538 —0.25027 +-4.3500 —1.8014 
2) -++0.00463 +0.12279 — (0.2566 +1.18038 
By =) +0.038070 -+-0.05945 -+-0.1113 -+-0.5132 
4—() -++0.00087 +-0.00055 0.0177 --+0.0182 
—2—1 + 0.023 —(0.04] +(0.1310 —0.6464 
—l|1—1 +0.427 —-0.193 —(0.0112 —1.4577T 
0 — 1 —1.158 +-0.101 —3.2161 +1.0496 
et 453.571 +.0.735 + 246.7810 13.4388 
2— | +2.254 —0(0.144 +12.4716 —1.2526 
o— I +0.087 +0.063 +-0.1909 +0.7842 
4—] -+0.016 +0.041 +0.0970 0.6740 
—l1—2 +0.099 —0.287 
0—2 0.098 = (0,199 —0,001 21938 
bene 0501 +.0.029 —5.500 0.697 
2—2 20,046 0.553 -|-147.068 +4.110 
3—2 +1.656 —0.063 +13.246 —0.905 
15 -+.0.093 +.0.032 -+.0.590 0.483 
—t +0.00446 —0.01101 + .0750 —0.1753 
3 0.04011 —0.07730 0591 —0.9741 
2—3 —0(0.56048 +0.003822 —5.0643 +0.2912 
3—3 +8.26978 +-0.34414 +82.9613 +3.4992 
4—3 +1.01947 —0.01936 +10.83867 —0.4375 
eee 0.07682 -+-0.01603 +0.7185 +0.2822 
6—3 0.00879 +-0.01536 -+-0.0868 +0.244] 
1— 4 +0.003 —(0).004 +0.053, —0.098 
2— 4 --+0.020 —0.044 +0.082 —0.674 
3—4 —0.326 —0.005 —3.859 -+0.062 
ae +3.566 0.199 -++45.338 2.569 
5—4 +-0.585 —0.001 +T.7T2 —0.149 
bs +0.055 0.008 0.687 0.163 
7—4 +0.078 -+-0.162 
2— 9 +-0.005 -+-0.045 -+-0,.033 —0.049 
3—5 +-0.016 —0(.025 +-0.088 —0(0.095 
4—5 —0.182 —0.007 —2.657 —0.041 
5—5 +1.576 10.110 124,256 11.729 
6—5 -+0.825 +-0.004 +5.163 —0(.006 
7—5 +0.031 +-0.004 +0.567 --0.436 
EG 0.009 —0.008 40.079 —0.269 
a —0.100 —0.006 L217 —0.073 
6 —6 +0.707 +-0.060 +12.781 +-1.095 
(ans 0.176 0,005 13.260 0.050 
8—6 —0.005 10.426 0.057 


+0.018 
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We have next to transform the expressions for (“) and ua” ey just given 
into others in which both the angles involved are mean anomalies. 
From 


m 
fi = ae @9 
2 


beginning with m = 5, we find the values of 7; for values of e’ from ~ to e’*. 


Then we find 


& 
| 


Putting m= 4, we find the values of 7, as in the case of r;. Then we get p, from 


(0) 
We proceed in this way until we finally have the values of p,. Then we find J/,, . or 
a 


(Fire — 1) from 


(0) 5 i! 
Ji) frases le 7 32 


i 
—— -+ ete. 
s 26 + y) 


where /= A’ <, 


(m) 
and J,, » from 
oy 
(m) (0) 
Fire = Ip e+ Pi-Pro- Ps Ps- Ps 
2 2, 


The details of the computation are as follows: 
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Computation of the J functions. 


ze! é Be 2é beé de te 4! 
8.38251 8.68354 8.85963 8.98457 9.08148 9.16066 9.22761 9.28560 
2.31646 2.01543 1.83984 1.71440 1.61749 1.53831 1.47186 1.41337 
7.68354 7.98457 8.16066 8.28560 8.38251 8.46169 8.52864 8.58663 
2.21955 1.91852 1.74243 1.61749 1.52058 1.44140 1.37445 1.81646 
4.53601 3.93395 3.58177 3.33189 3.13807 2.97971 2.84581 2.72983 

=i 5 19 43) saat 245 j= 62 ea ok 
2.21954 1.91847 1.74931 1.61729 1.52027 1.44095 1.87388 1.31585 
7.78046 8.08153 8.25769 8.38271 8.47973 8.55905 8.62617 8.68415 
2.09461. 1.79858 1.61749 1.49955 1.89564 1.81646 1.24951 1.19152 
4.31415 3.71205 3.35980 3.10984 2.91591 2.75741 2.62384 2.50737 

= yy) a= 9 19 — 34 = 52 — 160 1st 
2.09459 1.79349 1.61730 1.49221 1.39512 1.81570 1.24848 1.19017 
7.90541 8.20651 8.38270 8.50779 8.60488 8.68430 8.75152 8.80983 
1.91852 1.61749 1.44140 1.81646 1.21955 1.14037 1.07342 1.01548 
4.01311 3.41098 3.05870 2.80867 2.61467 2.45607 2.32190 2.20560 

= 7 ay = 38 67 == 105 9 25d.” 206 a 68 
1.91848 1.61732 1.44102 1.81579 1.21850 1.13885 1.07186 1.01274 
8.08152 8.38268 8.55898 8.68421 8.78150 8.86115 8.92864 8.98726 
1.61749 1.31646 1.14037 1.01543 0.91852 0.83934 0.77239 0.71440 
3.538597 2.938378 2.58139 2.33122 9.13702 1.97819 1.843875 1.72714 

= 18 = 515) = 1145 esos AGA i661 Bae Se 
1.61736 1.81595 1.13923 1.01341 0.91537 0.83480 0.76621 0.70633 
8.38264 8.68405 8.86077 8.98659 9.08463 9.16520 9.23379 9.29367 
3.53004 4.73716 5.43852 5.93828 6.32592 6.64264 6.91044 7.14240 
2.92798 4.13210 4.83646 5.33622 5.72386 6.04058 6.30838 6.54034 
6.76502n 7.36708n 7.71926n 7.96914n 8.16296n 8,32132n 8.45522n 8.57120 
3.83704 3.23498 2.88280 2.63292 2.43910 2.98084 9.14684 2.03086 

= 95 — 5 S01 6 eee a 
6.76495n 7,36693n 7.71869n 7.96813n 8.16139 8.31905n 8.45214n 8.56718n 
3.23505 2.63307 2.28181 2.03187 1.83861 1.68095 1.54786 1.43282 

—96 —101 —227 —401 —625 —896 1918 11576 
9.99974 9.99899 9.99773 9.99599 9.99375 9.99104 9.98787 9.98495 
8.38264 8.68405 8.86077 8.98659 9.08463 9.16520 9.23379 9.29367 
8.38238 8.68304 8.85850 8.98258 9.07838 9.15624 9.22166 9.27792 
8.08152 8.38268 8.55898 8.68421 8.78150 8.86115 8.92864 8.98726 
6.46390 7.06572 7.41748 7.66679 7.85988 8.01739 8.15030 8.26518 
7.90541 8.20651 8.38270 8.50779 8.60488 8.68430 8.75152 8.80983 
4.36931 5.27223 5.80018 ° 6.17458 6.46476 6.70169 6.90182 7.07501 
7.78046: 8.08153 8.25769 8.38271 8.47973 8.55905 8.62617 8.68415 
2.14977 4.05787 4.55729 4.94449 5.26074 5.52799 5.75916 


3.35376 


—— 
_ 
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Noting that log. (J —1) =log. (— P+ a A a and (= h’/2’, we form 
the following tables : 


W | Logi (Sev —1) Log. Jy Log. ti diw Log. Syn Log.) Jun 
1 6.76490 8.38238 6.463 4.3693 9.1498 
2 7.0658n 8.38201 6.7647 4.9712 3.0527 
3 7.2415n 8.38138 6.9404 5.3231 3.5807 
4 7.3661n 8.38052 1.0647 5.5725 3.9551 
5 7.4624n 8.37941 7.1610 5.1658 4.2456 
6 7.5409n 8.37809 7.2392 5.9235 4.4826 
a 7.6070n 8.37656 7.3052 6.0567 4.6828 
8 7.6641n 8.37483 7.3621 6.1719 4.8562 


Wi’) 


: ( 
; a! 
Va lue of h! Ae 


W\W=—2N>AhW=41 W=2 WH8B WH4 W=5 WH-6 W=T WB 


1) 4.9712n 6.4639n ~6.76495n 8.38201 6.9404 5.5725 4,2455 


2| 3.353 4.6703n 8,68341n 7.36693n 8.68241 7.3657 6.0668 4.7835 
3 6.9410  8.85913n 7.71869n 8.85764 7.6381 6.4006 5.1598 

4 4.9714n 1.36675  8.98344n 7.96813n 8.98147 7.8413 6.6588 5.4583 
5 5.6702n 7.6393 9,07949n 8.1614n 9.07706 8.0042 6.8709 
6 6.1012 7.8432 9.15756n 8.3190n 9.15471 81409 
7 | For h’ —0, 6.4176n 8.0061  9,22320n 8.4521n 9.21998 
g | we have | 6.6689n 8.1493 9.27965n 8.5672n 
9 8.38251n G.8TTIn 8.2594 —9,32905n 


In computing the values of the / functions, the lines headed Zech show that 
addition or subtraction tables have been used. For convenience, (-/“’—1) is em- 


ployed instead of J ), its values being found in the line headed log. (— + ale 
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From the expression 
Le a ap e ° 
(Gh) = 2 Jew (G7), 
h’ being the multiple of g’, and being constant, and 2’ being variable, we have 


fe = ° . 
((¢, h’)) — 7 eee "eos (oi vol ) Oy He "e9s (ag am 2H’) + ete. 


je ae (h! +2) 
pees i! Sin on (ag aa Et’ )— AEE ae Y (2g + DAG AL )— ete. 


Now for h’ = +1, we have, if we write the angle in place of the coefficient, 


— oye a : 
((¢g —g')) =1J, Sgq—H')+2dy 88 (tg —2H’) + ete. 


’ sin 


(2) 
— tdy gn (tg + H’)— Fd, = (1g + 2H") — ete.; 
and for h’ = —1, we have 
(ee) — 1 Jy & (ig — EB’) —2 Fy & (ig — 2B") —ete. 


Vee 1 
+I 88 ig + BY) + 4S wi i (ig + 2H") + ete. 


Since 


(—m) (m) (m) (m) (—m) (m) 


Jy — on Ly Sry p) J_y = = 1D Sy ) J_y — Sy 5) 


the last two expressions give 


; oe (see ae 
((ig — 9g’) = Fy Bt (ig — B’) — Quy, & (ig —2.B’) + ete. 


(2 


) (3) 
yc, (00 ee I ree Oe Cee 


sin 
Qe | aa sy Sea 
((ég + 9')) = —Jy & (ig — EB’) — 2S, 2% (ig — 2H’) — ete 


(0) (1) 
+ Sy sm (ag + HB’) — 2S) SS (tg + 2H’) + ete. 


’ sin 
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And for the particular case of ¢ = 1, we have 


(0) Gi) 
((g—9)) = Iv SB (g — BH’) — 2d, 5 (g — 2H’) aS), (g — 3H) == ete. 


(2) (4 


3 ) 
ie sin (9 g + B25, ‘ees (g + 28") — 3. v sin (9 + 3H’) — ete. 


(2) (3 (4) 
(9 +9')) = —Iv Sg —L)—2, 98 (9 —2H’) — 3d, & (g — 3H’) — ete. 


(0) (1) (2) 
ee eg 2H) 8, (9 4 3B) Fete. 


(0) (0) 
Instead of J, , we use (J, ), as has been noted. 


If we put h’ = + 2, we have 


(1) 
((ig —2')) = 4 Jue (6g —E’) + 3 Jue ® (ig — 2B") + Bw & (ig — BB") + ete. 
( S 
Bee ie eg =.) — rae sin (29 + 24’) — ete 


v) 
In the table giving the values of | pie , we have, under h’ = 2, which applies to 


the equation just given, 
P . , (3) 
for i’ = 1, eee Bae lon (4 J.) = 4.97120; 
for? = 2- log. ( $Jy—1) —7.36698n log. (— 3. J, ) = 3.3587n; 


(1) . 
Olas p= =) Ds log. ten ) = 8.85913 Clee en CLC: 


etc., : ete. == 6G, 
(3) (4) 
We find the values of — 4-J,,, — 2., in the table under h’ = —2. We see that 
“1 (h—i’) 
these are the forms of the function a dy, when h = —2, and 7’ = 1 and 7? = 2. 


In the expansion of the coefficient of (7g —h’g’) indicated above by ((¢g —h’g')), 


we have coefficients of angles of the form (¢g + 7H’). These can readily be put into 
the form (— 7g — 7’ #’), but the form employed is convenient in the transformation. 
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a 


: 8 aks 
Arranging the functions u (5), cm (“) in this form, we have 


4 


2 


Log. ua? (“) 


Log. (3) 


Gp op cos sin COs sin 
O—s 0.06387Tn 9.0043 0.50T4n 0.0210 
QV 2% 8.9912 9.1106n 7.0000n 0.1082” 
0 — 3 7.6493 8.04187 8.8751 9.2437Tn 
1+1 9 6304 9.2856 8.0493 ORGS ae 
1—1 1.72893 9.8663 2.3923 0.5364 
es, 9.9499n 8.4624 0.7404 9.8432 
es 8.6032 8.8882n 8.7716 9.98867 
4 (eel 7.6021n 8.7243 8.9912n 
Dp=aL 8.3617 8.6128 9.1173 9.8105 
all 0.3530 9 1584 1.0959 0.09T8n 
Da 1.30203 9.7427 2.1675 0.6138 
a ae) 9 T4860 7.5079 0.7045n 9.4642 
Drees Uh 8.3010 8.6435n 8.9138 9. 8287n 
ira 85 6.6990 7.6532 

ol 8.9895 8.79938 9.2808 9.8944 
ay 0.2191° 8.7993n L223 9.9566n 
oo 0.91750 9.5368 19189 0.5440 
3 —4 9.51327 7.6990 0.5865n 8.7924 
2 5 8.2041 8.3979n 8.9445 8.9TTIn 
AE a Ul 8.2041 8.6128 8.9868 9.8287 
ny 8.9685 8.5051 9.7709 9.6839 
a 0.0082 8.2869n 1.0348 9.6410n 
a 0.5522 9 2989 1.6565 0.4085 
a) 9.2601n 7.8451n 0.4244n 8.6128n 
4 — 6 1.9542 7.9093n 8.8976 9.42.98 
3 8.8855 8.2049 9.8564 9.4506 
5—4 9.7672 7.0000n 0.8905 0.1732n 
5 — 5 0.1976 9.0414 1.3848 0.2360 
5 — 6 9.0000n T.1TT82n 0.2347n 8.8633n 
633 7.9440 8.1864 8.9885 9.3876 
6 — 4 8.7404 7.9031 9.8370 9.2192 
6 —5 Fog 7.6021 6.7129 T.17T82n 
oi—6 9.8494 8.7782 1.1066 0.0394 
6 if 0.0224n 8.8451n 
6 0.5132 8.6990 
sy 0.8222 9.8156 
WSHB 9.7973n 8.7924n 


— 
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We will now give examples to illustrate the application of the tables for trans- 


forming from eccentric to mean anomaly, in case of the function u($). 


For the angle 3g — 3q’. 


4  (W—i’) 
a u 
(3) ae 
g cos sin Chi == 3) Log. Product. Product. 
3— 1 8.9395 8.7993 6.9404 eames, UBC + 00008 ++ .00005 
3 — 2 0.2191 8.7993n 8.68241 S0015 Bl.b8lin + 07970 — .00303 
3 — 3 0.91750 7.5368 1.718692 8:6362n 5.2555n — .043827 — .00180 
38 — 4 9.513820 7.6990n 8.98344 8.4966 6.6824 + .03159 + .00048 
8 — 5 8.2041 8.3979n 7.6393 5.8484 6.0872n + .00007 — .00011 
4896978 +0.84414 
+8.33775 +0.33978 
For the angle g — og. 
(h’ = 0) 
1—1 1.72893 9.8668 8.38251n O0.11144n 8.2488n —1,29959 — .01773 
1+1 9.6804 9.2856 8.88251n 8.01297 7.6681n — .01030 — .00466 
+0.25653 —0.25027 
—1.04636 —0.27266 
For the angle g + 9’. 
a 
t oo a dA dA 
1—1 47289 9.8663 6.4639” 8.1928n 6,.33802n — .016 -000 
10.427 +0.193 
: +0411 +0.198 


A. P. §.— VOL. XIX. 8. 
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For the angle og — og’. 


dA 


0—1 0.0637n oa 8.3825n 8.4462 ee ene 
+104.75727 


+104.78521 


For the angles represented by (7g — g’), there may be cases when there are sensi- 
ble terms arising from g + H’, g + 22H’, etc.; if so, we use the column for h’ = — 1, 
and apply the proper numbers of this column to the coefficients of the angles named. 
Likewise in the case of (2g + 4g’), there may be terms arising from the product of the 
numbers in the column h’ = 1 and the coefficients of the angles g + ZH’, ete. This 
will be made clear by an inspection of the two expressions 


, (0) (1) 
(ig —g'))= Jy & Cg — BY) — 2S, sh (tg — 2B") & ete. 


(2 (3) 
= Jy 8 (ig + EB’) — 23, % (ig — 2H’) — ete, 


. , (2) . , (3) . . 
(ig + 9')) = —Sy 8 (ig — BE’) — dy, 8 (tg — 2H’) — ete. 


1) 


(0) ( 
+ dy oo (tg + EH’) — 2S, & (tg.+ 2H") + ete.; 


where ((¢g — g’)), ((g + g')) represent not the angles but their coefficients. 
In retaining the form (7g + 7’) instead of the form (— ig — 7H’) we can per- 
form the operations indicated without any change of sign in case of the sine terms. 
Making the transformations as indicated above, we obtain the following expres- 


. . . € 3 
sions for the functions u( 5)? and ua?(“) : 
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| | 

an, cos sin | GOS sin 
| // | I} 
O96 | +104.78521 V | SE182.3777 i" 
1249 = 0463620 | — 0.27266 — 1,6046 —1,9194 
2-0 fee ==" 0.05081. -+0,12527 | — 0.5606 +1,1949 
a) 6.92860 - | 0.05793 + 0.1067 0.4943 
al — 0.1274 —0.6468 
= 1 a5 0.411 —0,193 an 030 —1,4558 

Cs) = 1162 40.107 = eS -+1.1107 
ioe + 53.583 +0.734 +246,9027 +3.4023 
neal 1,286 0.471 4+ 5.3656 —1,4496 
3—1 | + 0,014 +0.066 — 0.3758 -+.0,8304 
0—2 + 0.070 —0.127 — 0.085 1.242 
ae + 0.399 40.053 + 0.456 +0,848 
2 + 20.093 0.551 +147.392 +4,049 
Gy, a 1,056 —0.086 Bee Ord = t3% 
ee, =e 0025 +-0.033 ==) 0.036 -L0.53 
tes + 0.00815 —0.01707 + 0.0718 =), 2352 
13 + 0.04342 —0.07447 + 0.0041 —0,9231 
Oars 50 40783 +0.03392 + 9.0442 +0.5514 
38 “= 8.338 40.340 ae 83537 -+3.432 
Lee8 ~- -0.675 —0.036 4 6.432 —0.659 
Bess Ea. 028 -+0.010 + 0.079 +0,449 
esa 0.027 —0.043 + 0.050 0.637 
34 BO. 275 -+.0,023 Ae O14 2.592 
aed oe" °3.628 20.197 + 46.016 229 512 
5-4 + 0.397 * —0013 i + 4,828 = 0.323 
b= 4 ee 0.028 -+-0.008 | + 0,156 +-0.188 
Sia + 0.020 0.098 + 0.080 —0.074 
Ae + 0.167 0.012 al L762 +0.241 
tee =“) 1.698 +0.109 + 24,829 1.565 
65 Ere 24 0.004 -- 8.306 —0.148 
£6 + 0.012 —0.008 OG —0.250 

: 5 6 + 0.092 +0.007 — 4,535 +0.150 

| 6 —6 0.73 +0.059 = 13.812 +1.085 
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The transformation should be carefully checked by being done in duplicate, or 
better by putting the angle 7g = 0, in all the divisions of the two functions, having 
thus only the angles (0 — #7’), (0O— 2H’), (0—38H’), ete., ete.; also (0 — g’), (0 — 
2y'), etc. Adding the coefficients in each division of the functions before and after 
transformation, and operating on the sums before transformation as on single members 
of the sums, the results should agree with the sums of the divisions of the transfor- 
mations given above. 

The transformations of these functions were checked by being done in duplicate, 
but we will give the check in case of another planet. We have for the logarithms of 
the sums before transformation, and for the sums after transformation the following : 


Gomi’ COs sin g gf cos sin 

0—] 1.85407 1.62090 0—I] -- 70.548 40.188 

0—2 1.25778 1.51473 0o—2 + 19.809 - 82.818 

0—38 9.70240 1.26993n 0—8 0.906 — 19,352 

0—4 0.7101n 0.9147n o—4 4.540 - 9.268 

0—65 0.6632n 0.8899n o—% 4,707 3.318 

0—6 0.4387 9.0934 0—6 3.059 0.330 

a | 0,1222n 9.8069 O—7 0.623 - 0.739 

0—8 V.5965n 9.8865 0 -— 8 O07] - 0.615 

Kor the angle (0 -—1), (0 2), 0 — 6. 

Yee eee ee ray o> Sa 
0.041 |- 0.024 + 1.722 — 1.007 + 062 — .087 
0.878 -+- 1,578 042 -*° 076 + 871 — 1.574 
000 — 0016 + 087 + 1,846 + 008 + 097 
-+- 71,462 41,774 — ,.l2 — O19 + 494 + ,791 
+ 10.548  — 40,188 418,104 — 39,714 0080 one 
10.573 — 40,196 + 19,809 — 89,318 sat, R045 teas AI 
{- 19,811 — 82,319 + 0.906 -- 19,852 


++ 0.902 — 19,855 


’ 


The numbers in the last line of each case are the sums of the divisions after con- 
version when 7 is put = 0. 
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To have close agreement it is necessary that all sensible terms in the expansion of 
3 
a\ a A : : : 
u(4 ) and ua*(“) be retained. In the expressions for these functions given a large 


number of terms and some groups of terms have been omitted as they produce no 
terms in the final results of sufficient magnitude to be retained. 

In transforming a series it will be convenient to have the values of the J functions 
on a separate slip of paper, so that by folding the slip vertically we can form the pro- 
ducts at once without writing the separate factors. 


. . a a . 
The numerical expressions for u(<) and ua*(“) being known, we need next to 


have those designated by (/Z) and (JZ), which represent the action of the disturbing 
body on the Sun. 


To find (47) we use two methods to serve as checks. We have first 

(7) = 3fhyyy + 0’5,8/] cos (g — g’') 3=— Sf’ + Uysd/] sin (g — 7) 
+ alhyy’ — h6,) cos (— g — f) — §[Biy’ — Uyds] sin (— g — 9) 
+ 3 hy _ cos (— g/) — ghiyodh sin (— ) 
4 2[hyiys! + 188:] cos (g — 2g) — Alby! + Uy8s] sin (y — 29’) 
+- Why — h'd,8.)] cos (—g — 29) — 2[1dyy2' — ly1d,'] sin (— gy — 29’) 
+ 2hywys cos (— 29’) — 2l'yd,/ sin (— 29’) 
+ 3[hy ye -+ 28,5;] cos (g — 39') — 3[Udys' + Uy105'] sin (y — 389’) 


+ ete. 


where 
(0) (2) 
i J, —d, b; — J, - J) 
(1) (3) (1) (3) 
y¥2 = A[ So — J, ] dy = 4[ So 1 B J | 
(2) (4) , (2) (4) 
¥3 = 4 [Sa — J, | ds = 4[ Fg, e S's, il’, 


° 


and similar expressions for y,', 5)’, 72’, 6’, ete.; noting that y, = — de. 
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The other expression for (JZ ) is 
(H) = Mhy/’ — ¥8,'] cos (— E— g') + Ml’ — U8/] ain (— E—@’) 
4 Mg’ + W8/] cos (H— 9g)  — Ally’ + ¥8y] ein (Eg) 
— ehy,' cos (— 9’) + el/dy sin (— 9’) 
+ hy! — W’d,'| cos (— H— 29’) + 2[lye! — VS,'] sin (— H — 29’) 
+ Q[hy! +- h’d'] cos (H — 29’) —— 2[ bn’ + U'd,/] sin (H — 29’) 
— dehy, cos (— 29’) + 4el’d,/ sin (— 29’) 


+ ete. + ete. 


In both expressions for (JZ) we have 


h =" keos(tl— kK) 


> V 
= . cos > cos ¢’ k, cos (II — Ay) = Lu 


l= * cos k sin (II— XK) =2 pe 


a 


L : . —_ P 
= © cos’ k, sin (1— K) Se = 


where as before 


w= % .206264.8 and o = © 


a 


In the second expression the eccentric angle of the disturbed body appears and we 
must transform the expression into one in which both angles are mean anomalies. 
With the eccentricity, ¢, of the disturbed body we compute the J functions just as 
we did in case of e’ of the disturbing body. 
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We have in ease of Althzea 


(0) 
Log. (J—1) — 


(0) 


Log. J = 


(1) 

og. s/s = 
(2 

Log. se ss 
(3) 

Log. J = 


(4) 
Log. J = 


bole 
® 


7.207T40n 


9.99930 


8.60344 


6.90632 


e 3e 2e 
7.808947 8.16025n §.40890n 
999T19 9.99368 9.98872 

" §,90341 9.0TTT4 9.20016 
150k 7.8587 8.1068 
5.9356 6.4630 6.8365 
4.2384 | 4.9418 5.4403 

Flic) 
I 


From these values we may form a table of ; J, as was done for the disturbing 
v 


body. The values of these quantities can be checked by means of the tables found 
in ENGELMANN’S edition of Brssen’s Werke, Band I, pp. 103-109. 
Finding the numerical value of (ZZ) first by the second expression, we get 


We Gy 
[1 
=a 
al 
jeep 
i) 
0 — 2 
1— 83 
—l— 3 
0— 3 


-|- 


cos sin 
1 1 
+48.154 +0.651 
0.188 —(.102 
3.884 —0.044 
4.644 -+0.062 
0.018 —0.010 
0.374 —().004 
0.37800 -.0,00510 
0.00141 —0.00081 
0.03048 —(0.00086 


To transform we change from (hH—7q’) into (a’g’ —hH). Making the transfor- 
mation, writing also the values found from the first expression for the sake of compari- 
son, and the value of (J) which will next be determined, we have 
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(H) (1) 
g G9 cos sin cos sin sin COS 
Wl I i , i {aie '" 
ve — .826 —().066 i — eco —0.066 A 799 +-2,048 
02) = aa6e —0.006 — 0.562 —0.006 -+0,463 0.197 
3 — 0.04566 —0.0005T — 0.04575 et -++0.038 -+-0.016 
| * 
SV ee Ose —0.103 + 0.180 —0.103 
LS) Seas 06 4+-0.650 +48.079 0.650 
1 9 ee te 0.062 + 4.605 ++0.062 
1—3 | + 0.37740 +0.00502 +- 0.37738 +-0.00510 
| 
ea Ne SE TE -+-0.026 = 192i +-0.080 
2—2 ; + 0,186 +-0.002 + 0.186 +-0.002 
ee ee Ole 0.000 + 0.015 0.000 


To find the numerical value of (Z) needed in case of the function a’ ahh we have 


(I) =  063,sin(— g’)+ Jy’, cos (— gg’) 
+ 463’, sin (— 29’) + 4b’y’, cos (— 29’) 
+ 9 60’; sin (— 389’) + 9 b’y’, cos (— 39’) 
+ ete. + ete. 
where 
O— — 7, C08 p’ sin J cos I’, dG sso _ sin Z sin IV’, 
Having the values of u (7), ua? (2); (ZT), and (J), we next find those of 


: dQ vao 
aQ. in nadia == 
, ip? anda’, 
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from 
aQ = « (5)—(#) p 
dQ Lec ad | 9 a : y 1 te oe |! a ik, 
ee ie. Med ee (5) E ea z Uf (a) (1) 
202 __ sin t ie 
a = — ua” Gee = eeet( +1’) + (2) 
where 
~ ee ee 7 eau 
a> 1+ 3e— 4J, cos g— 4d, cos 2g — 43, cos dg — ete. 
gal oy @) : , 
— sin (f’ th, ey " edemnigh 4 Ff Joy + Sx | 6, sin 2g’ — ete. 


(0) (2) (1) (3) 
+ 3ée,— [Jy —Jy ] & cos g’ — $[A — Jew ] @ cos 2g — ete. 


c, and c, being given by the equations 


ee sind 


c, = ——cos ¢’ cos II’ 


Binb/eer. 
—= —— sin Il’. 
a 


pA 


We find 


a =|= = [9.5769400] — 2[8.382838] cos g’ — 2[6.46366 |cos 2g’— ete. 


As if 
Pe eae 


+ 2[7.99450] cosg + 2[6.29667] cos 2g +- ete. 
nit ” sin ( Fe + Lr) = — [7.18046] + 2[8.39074] sing’ + 2 [6.77809] sin 29’ 


— 2 [8.01941] cos g’ — 2 [6.40668] cos 29’ 


AG. Se VOuU. XLX aT. 


154 A NEW METHOD OF DETERMINING 


In multiplying two trigonometric series together, called by HANSEN mechanical 
multiplication, 


let a, the coefficients of the angles Aa in case of the sine, 


2, those of the angles ua in case of the cosine, 


y, those of the angles 7y in case of the sine, 


and 06, those of the angles py in case of the cosine. 


The following cases then occur: 


a, Sin Aw . 6, COS pY¥ = ¥ ad, Sin (Aw + py) + 30,6, Sin (Ax— py) 


i: sin (uae ae vy) — & Puy sin (uae — vy) 


n= 


2, COS Ke. 7, sin vy = 
GB, cos ux. 6d, cos py = % G,d, cos (ux + py) + 40,9, cos (ua — py) 


a, Sin Aw. y, sin vy = — $ ay, cos (Aw + vy) + Fay, cos (Ax — vy). 


In every term of the second members the factor 4 occurs. Hence before multiplying: 
we resolve the coefficients of one of the factors into two terms, one of which is 2, 


: ; ants dQ dQ 
Performing the operations indicated, we have the values of aQ, ar a we a that 
ar ¢ 


follow : 
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Cueg cos sin COS sin GOs sin 
/} 4 // // aA /1 
Oe 0 ++104.78521 Bits, 116.5202 a 10.2828 idee 
1—0 — 1.046386 — 27266 — 2.4398 — .6940 —2.6311 16.0177 
2—0 — 050381 +.12527 — .38040 -+- .8928 == A058) + .239 
ie 0 + .02860 +.05793 4+ 0974 + 1494 EOL = 201 
=) | ae O31. —.090 = S431 Bd 000 129 
0—1 + 4.662 —- 173 — 1.166 + .48] =| Ss —4.157 
1—l1 + 5.504 +-.084 +18.839 + .190 + .318 + .068 
2—1 — 641 == 201 — 1.652 == silt kb 96 +3.580 
a ae 014 +.066 ==. 1940 2a 5088 == 059 +. .932 
02 as 682 ot se AOG = dd — .020 e140 
= == 4.206 —.009 — 9.136 +. 200 —9,4T4 — 6.095 
==> + 19.907 +.549 145.566 1.270 + 095 = 067 
3 — 2 + 1.056 —.086 + 1.642 = AUN aS 922, +2.011 
wes) 021 +.033 ite 7.180 — .064 + .194 
0— 3 4- .053890 —.01764 OTS — .0602 == {UaY Oi 
1 —3 —  .33396 —.0T957 — .4443 — .3306 === EY — .166 
po aE 39221) 03880 = 29788 42-1339 —1.424 —3.658 
8 — 3 + 8.338 +.340 197.227 +1.087 Ga: == jlayt 
4 — 3 + 615 —.036 se Oe — .269 — .519 +1.099 
Des BF + .028 +.016 + 043 al SIHaK — .042 + .123 
9—- 4 ee 02% —.048 — 054 = 210 =~ 046 eee LAG 
Bad 95 +.023 880 + .908 er Tee =9018 
4 —4 + - 3.628 ae LOT +15.430 +. .882 — .038 ae AULING 
> —4 —- 397 == U8 + ,883 — .13 — 282 ale Aree 
6 — 4 + 021 +.008 — .013 SE 063 — .031 —- 083 
3-25 A 17,020 —.023 ==) «24 ==5078 + .020 S130 
f= 5 a LCT +.012 SFO + .044 eee ty == 1150 
p15 S17 21.628 +.109 + 8.605 + 543 44,024 OY 
625 cit 2 OA —.004 + 1.061 + .064 Sauls: See yb | 
4 — 6 + 0.012 —.008 NS (L095 
5.6 sy s-.092 1.007 — 2,295 + .026 
626 ces S731 -L.059 = 4.559 | 386 


156 A NEW METHOD OF DETERMINING 


: : : ° : AQ 
Having a© we differentiate relative to g, and obtain a—_. 
ag 


We then form the three products, 4A. a ae B.ar (=), CG: a(—). To this end 
ag . 6 


dr 
we find A, B, C, from 


A=-—3+2[24 €] costy= 9) eb er ee 
+ 2 [5 + §] cos (y 29) —2 [5 +s] sin(y— 2g) 
— 2 [5 + 252] cosy — 2[5 + qee"] siny 
+ 27 cos (y -- 39) — 2%¢' sin (y — 39) 
+ 2@ cos (y—4g) — 25 sin (y — 4g) 
4- ete. — (etc: 


O= 2[4— 4) sini —" 9) 
+ 2 [£— 3,6] sin (y — 29) 
+ 2[—fe+ ge'] sin y 


+ 2 5%€ sin (y — 3g) 
+ 2 1é sin (y — 4q) 
+ ete. 


The numerical values of A, B, C in case of Althza are 


A=—3 
+ 2[0.302429] cos (y — g) B= —2 [0.001399] sin (y — g) 
+ 2 [8.604489] cos (vy — 29) — 2 [8.604489] sin (y — 29) 
— 2 [9.304508] cos y — 2 [8.606234] sin y 
+ 2 [7.2076] cos (y — 89) — 2 [7.3836] sin (y — 39) 


OC = + 2[9.697567] sin (y — g) 
+ 2 [8.80066] sin (y — 29) 
— 2[8.77953] sin y 
+ 2[7.08265] sin (vy — 39) 


For the three products we then have 
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“AY a(<*) I8% ar(*) 
dg dr 
vee gg’ sin cos sin COs 
S ad V1 | d // 

Lan ae [So 10shee——0.5371 || eel L1841 | =-0,6804 

te e100 012 Be 565) © | | e401 L 3723 
aaa tO = 2580. +. .0489 —32.9502 + .0549 

ee = si( 192 -- 299 Se OL5S = E51 657 
ie 210 + 2.079 — .597 1810.) 5 6821 
SUE Rea eee 2261 sede T 263-2 8720 

i eh =" 469 cere 1) 2 432 eas 

Ses a — 266 =s 015 ~ | ~ hae 3453 AGI 

Os I —10.992 ee Looe Ah | ——1e.885 187 
Say 0" 1 -- 462 + .181 Se Ta + 349 

Tee f= I -- 8.680 = 58ih 4+ .929 — 559 
ee ie 1 eis) ee ere aS ee = 416 

pal 2.843 Bee + 306 + .276 
cal ot —11.301 se 249 -+18.336 e188 
=1 3 —1 -+ 2.360 mh 848 — 929 + .559 
Pty 41 eee. 038 ot 381 =) 264 oie 

ie ee eb Cee eky. .000 — ,282 

Me: se 16:88 +- .026 7.300 +. 235 
—) 0.9 ote ae 

[ee row) —80.684 9.195 —45,412 -+1.264 
Pee alae — .848 + .002 ae ey + .406 

1 ea) ait 1638 a T85 — 3.470 — 384 
2 eae 16.433 9240 aie 035 

es oa. “p> 499 + .316 + 048 + .168 
She —19,078 +2.954 +-45,419 —1.264 
ai ee 27.93% — .500 mols + 384 
ie 5 9 = 408 + 255 + ,198 ics 

(eetC a8 or e30985°— . 1553 eeedcdde ee 2G) 

i ah er eee bplt. 31927 oe 1042 4 1641 
Se Ele) —s0661= 0161 ODA sy 22100787 

Delp taas8 —50,140 +-1.905 —27.2994  +1.0854 
Se ee + 828 et 1739 == Jo0S 421 828% 

1 38—8 — 380 NY — 2.8964 — .2201 
lea 3 + 3.482 a 078 pide al Gee 

erat .263 190 aD eile 
eed eS —49.676 +2.079 +27.299 =10s2 
Se ae — 6.395 — 264 -+ 8.899 Secor 


J} 
—1.3464 
+ .1287 
Ske TT 
0049 
2.995 
083 


pt 


- 


— .060 
—1.230 
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—3.0038 
4- .2411 
— .4802 
+ .0228 
2.9772 
- .2404 


+- .243 
4,464 
— .642 
+ .572 
—1.785 
—4,470 
098 
— .309 


--1.760 
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AC : 
vAe es ba ar(*) 
dg dr 
yea: sin cos sin cos 
7 aA /} Vf 

haa em a= S165 == 170 ee 

jie eet — 9.999 AS YLST oe + .989 
nh > OL a OL ees ye 

a gee” | —29.032 +1.564 —15.481 8 O15 
==" 634 + (058 =e HURT — +089 1h 

j gee fee | = 11.063 ee TRY — 1502 25.098 
eed = + 1,268 = oder = ,092 == .938 
Se jae see ey by ot +1.597 +15.479 =, 915 
oP ie PG —. 4.543 =. AIS + 1.506 + .098 

[tae OF eae ==) 2160 — .136 

aes 3h 2 15654 + (139 —= 063 + .063 
eaifry a ars NEE SA 014 a EHO Es008 

iy ees 16.185 +1082 == "8.661 + 544 
any ey Pes eel == vAs mea 5; ten O76 

Ps = 5 == 1.061 == 153 pea a he 9 be) 2086 
Se) 5 5 + (994 == OL 062 ==1.068 
=e Ges'5 —16.038 +1.100 + 8.661 — 544 

ft -38=6 == Toh = 063 

te SA 6 Iss + .086 + 2.052 + .038 

tT *F26 aS UOT ice == A5IG ae 8K 
eet Cet =— S518 Eve a= 4516 — BST 


sin COs 
1/ Vt 

.088 SE uals 
.389 1.029 
008 Sire GUA 
.022 — .083 
024 SOD 
.140 == 2 aKtit 
2090 =e 
.033 — 129 
002 +- 088 
206 L570 
OL ae 008 
034 + .038 
.0385 =e 004 
O80 Sos 
.206 a os: 


Next from 


aw — 4 a(%*) 4 Bar (22) 
ndé = A 4 dg + B. ar | 


we find the value of se 


Then we find W and —“.. from 
lt cos2 


We first form a table giving the integrating factors. 


THE GENERAL PERTURBATIONS OF THE MINOR PLANETS. 


159 


From log. n’ = 2.4758576, 


log. n = 2.9323542, we have — = 0.34954524. 
a. bog Seer ee, 1 > i Le (i 5 a (se ) 
avi¢~te?e = Log. (‘4 a = Log. (a ev) eta = Log.(¢+2 5 Log. aac 
—2 — 1} —2.34954 0.37098n 9.62902n 1 Bs Bi) iL Ga Bx 0.29034 9.70966 
=== 4)-2-1.34954 0.13018n 9.86982n 4— 3| +2.95136 0.47002 9.52998 
0 — 1} — .34954 9.543850n 0.45650 5) a Bi Hoey eho 0.5968 9.4032 
1—1} + .65045 9.813217 0.186783 I) S25 48) ee irene 9.600087 0.39992n 
ae GOA 0.21760 9.78240 eA OO S19 9.77946 0.22054 
a =O 65045 0.4233 9.5767 8— 4) +1.601819 0.20461 9.79539 
4—1| +38.65045 0.5624 9.4376 4—4| +9.601819 0.41528 9.58472 
ee ee 1 69909 0.23021n 9.769T9n 5 — 4} +3.601819 0.5565 9.4435 
Orie 269909 9.8446n 0.1554n (es AE SEE OOESHES) 0.6630 9.3370 
1— 2) + .30091 9.478423 0.521577 Y= |) = Dap! 9.40187 0.59813 
2 — 2} +1.30091 0.11425 9.88575 i) WQ52274 0.09TTO 9.90230 
eee 2 30097 0.36190 9.63810 At 5) Boo O74 0.35263 9.64737 
4 9 = 3.30091 0.5186 9.4814 i Sail See Oppel 0.5122 9.4878 
Se 2 EA 009L 0.6336 9.3664 G— Di E405 29074 0.6286 9.3714 
Oe 3h 1.04864 0.02062n 9.97938n ro 16)) © :909729 9.9556 0.0444 
1v==vs P=) 0486002 8.6869553 1.31380447n ||/4—6| -+1.902729 0.2794 9.7206 
2— 3} + .95136 9.97835 0.02165 5 — 6] +2.902729 0.4628 9.5372 


log. (i + 2 a, or by adding the logarithms of the column headed log. (; 


if 
ae 
A= 


ea W, and —*—, remarking that in the inte-— 
Cost 


grations the angle y is constant; after the integrations it changes into g. 


In regard to this table we may add that the form of the angles is (7g + 7g’) = 
(i ig? z) = (7 Beg) e) nt. The differential relative to the time is (i any nat. 


The preceding table is applied by subtracting the logarithms of the column headed 


We will now give the values of = 
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dW W = 
ndt cosz 
sin cos sin cos sin 
uv tt Lf : // I 

Sees Sy) 1.2175nt + 8.2376nt | —8.0038 nt 1.3464 nt 

as | 3901 3901 See EY: == 1287 2411 

+ 32.6972 32.6972 + 0988 cn ker | 4802 

=) 203 1036 =e Eee + .0024 .0114 

+ 9480 ATAO + 0425 See 1.4886 

a 1350 .0450 ae .)28e a= 7,098 0801 
2 ay» B94 383 Bs OF = 033 10 
1 ae et 115 == B00 52 1.60 
0 — 29.397 83.900 a STs 41.013 1.84 
0 = O15 045 = 1516 == 652 1.64 
1 + 4.609 7.087 ee we +1.264 9.74 
1 ae. #2670 1.030 a= 752 =—1-370 3.21 
2 ==. 036 022 + .456 ==040 .06 
2 +- 7.035 4.263 4. 088 AY 107 Ot 
3 — .019 007 +. 096 
5 +: 1.43] 540 Se, S10 == 996 .670 
4 ==) OOF O81 4. 029 
1 ey — 03 lie 
p= + 14.145 20.207 813 716 4,33 
io ——126.2,16 +419.660 11.503 — 59 1.23 
Lg =~ 7116 2.380 1.356 + .46 96 
= 9 eben 1.410 860 Boer 78 
| 4. 9116 7.008 22 365 Sei) 2.34 
Spee: a ATO 204 42 2210 —— 01 
—n — 33.666 14.632 Lt) AB) Beaty. A? 
49 a= ONT 005 + 038 
ea) 23> 8150 2.469 =s= 303) = et .80 
ae ee ie 050 = 021 
O35 + 1.0629 1.0136 + 4591 ae 0a rails} 
13 ==, 15475 31.8180 — 4.330 —14.56 S25. 30 
ae} 2am OTS 2452 Seer 25 BT 
9 18 — "7.4394 81.400 + 3.189 = G4 18 
7=.8 S299 3124 Eo 63l + 206 14 
ss = 3.2164 1.679 — .365 + .18 Oe 
58 + 2.3706 1.216 a le ae aG 91 
4—3 a 148 050 Jee a mls .00 .00 
4— 3 —— 2FATT 7.413 SS — sl OT 
58 — 2496 627 012 OG As 
{4 =e 165 414 — .096 29 
DA =) 1.96557 3.265 1.871 Bs oy 1.71 
By a! — 44,513 27.790 + 1.548 — .014 .05 
Eee § ee AIST .019 — .007 = 015 03 
AL ey it = 2567 .986 — .148 + .054 12 
£4 e002) B85 ST yf, Se ERY) 40 
i —=i 029 .006 is 016 
st = Isa? 3.686 + .190 = AY — .04 
ee | — 3.037 | 660 U2 
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dw r U 
nat W Cost 
nee W: sin COs COS sin | GOs sin 
hy ” ” i a (oe, WE 
ie S Si 5 — L717 + 195 184 apt De less se AAG 
5 eae meee Ollon 01% == = 000 04 SS ee ety 
1 4—5 24.846 -+-1.626 + 11.030 + .722 | ee ake + .02 
—l 4—5 — .030 — .07T2 + .013 — .032 + .016 00 
1 5—9) — 2473 — 194 +  .760 — .060 + .025 — .05 
=, 5 — 9d + .356 — .080 —  .110 — 024 — .064 — 18 
la 6 5 Be 089) 6160 sty 00 4.038 
eae 6-25 oT elt .b56 at? T1135 A 3180 
Eaten oh ei 413 3 086 Pero + 007 
eas oe oon 194 Se aly aon Sai 
eo 6 S1s208 = AeitHod 4. 4.555 an ABS 
ae 5 6 SLC iy 028 43.057 ROG 
1 6 — 6 — 946 — .002 - ~ 242 00 
—l 6 — 6 — 2.098 — .040 +  .538 — .0l 
—l T7—6 — 3.302 + .324 + 674 + .09 


The part of W independent of y arising from the factor, — 3, in the value of 
A, has not yet been given. Its integral, or f- 3a eS) is the following: 


Gn cos sin | Ci aa cos sin 
1%) =e 3.1399 ap ‘S181 4—3 | — 2.74 see 
Gere! este, 1509". = BT5T Foe | = el —.06 
pee et B= 0858) == 81788 
Oecd | § a) POT +43 
See HI + .20 Sen a ena sy | B13 
fhe = 9589 25738 heed) eee GIT d 91 
sel ee 2.88 L738 ees Oye meta ss +-.05 
Seu Oe — .22 6— 4 — .08 —.08 
[= 9 241.934 + .090 J, | eet +.16 
ow 01,80 —2.58 Aver be Wu 89 —.06 
po Ald 18 at 34 Beeb. | peers 9 25,0) 
A= yi =O — 12 ea i ee +.02 
Le.) ==20.6020.- - =4,9099 AE TGs Ae ON +-.05 
ey heehee eee an = eee —.04 
Bea leva s88i46 S157 Geo th ao ee DY 
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Having the values of the coefficients of (4+ y + ig + 7g’), both for W and —— 
we have next to find those of (vy + 7g + vg’), and of (Oy + 7g + 7g) in the case 


u 
cosa 


The expressions for this purpose are 


n® = fe — 36 — ghz 
y= se" — aye: 

40 = 3e 

7 = — (3e + ze a etc.) 


For Althea we find 


log. 7 = 8.60309 log. 7 = 7.38368 log. 4° = 9.081962 


5 


We multiply the coefficients of (+ y + 7 + 7g’) by 7, and 7, respectively, 
to find those of (+ 2y + ig+79'), (43y + 7+ 79’). 
In case of (Oy + zg + 7g’) in the expression for — we add the coefficients of 


(+ y + wg + vq’) to those of (— y + zg + vg) and multiply the sum by 7. 
We will give a few examples to show the formation of W, and — 1 
With these two we give at once also their integrals, which are ndz and vy respec- 
tively. 


WwW _1¢W 
Ba dy 
a.) 

cos sin sin cos 

ut Ww A dd 
21» Is 0 S39 072 ese | + 16.3486 + .0494 
—23 9—0 — 190) 400i N) ~~ -peeuico ae 
— 32.7162 +.0511 


u " 


— 32.7162 nt -.0511nt 
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es 
W aee 
ci 0} 
ioe 0e ATs e049 15st ac 202K 


0 1—0 ++3.1389 + .818 | ss = 


ee 004 —— ole + .004 
1 0-0 = 1.291 T5nt 43.2876 nE — 6087nt = —1.6188nt 
dA dA LA Uh ; 3 ‘I dA = ae ; vy, 
+1.351 — 1.2175né + .856 +3.2376nt —1.077 —.6087Tnt -+_ .025 —1.6188né 
id Lis dd tt A dd /} di 
+459 —1.21Tint —2.0T —3.2376nt —0.54 -+.6087nt —0.58 —1.6188nt 
Lomita el) 
We dd LA dA 
1 2 1 | 883 + .070 +.191 —.085 
—1 Or — .045 —1,516 + .022 —.158 
— 2 1—1 — .041 — ,080 +.04] —.030 
Vesa == iis} + .200 — — 
| 
—().216 —1.246 + .254 —.823 
y dd lig " 
aa =2),99 ink) SUA 
G4) 
/ ad dd A 
are 3—1 —  .022 — 004 + 022 —.004 
—-1 2—1 — 4.268 + .038 + 2.131 +.019 
0 1—1 — 25.390 — .390 | —_ — 
1 0—1 — 838.900 — .973 —41.950 -+.486 
* —113.574 —1.329 —89.798 +.501 
dA uN ; wu LA 
—174.61 12.04 61.19 Tee; 
: ‘ ee dw 
In the integration we apply the proper factor to each term of W, —4 et and 


obtain the values of ndz, v, except in case of the terms (7g + 09’). ; 


Let us take the term (y — og’) or (1 — 0), and let w the integrating factor to 
_ be applied. | 


Let c, a, d, b, represent the cos, sin, né cos, né sin terms respectively. 
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Thus we have 


C d a b 
Vl /} yl // 
+1.351 —1.21 Tint -+.856 +3.2376nt ; 
and hence 
uc wb ud —ud wd —ub 
VI t/ ad aA iff 4 
1.351 3.2376 —1.2175nt —.856 —1.2175 —3.23T6nit 
or, since uw is unity, 
v1 ‘I Vl ed 
+-4.59 " —1,2175nt —2.07 —3.2376. 


In case of the term (2 — 0), w is 5. 
U 


In the way indicated we derive the values of ndz, and v. In the case of — 


we have the values at once without another integration as was necessary for ndz and v. 
In the value of W given above the arbitrary constants of integration have not 


been applied. 
We give these constants in the form 


ky + kh, cos y + ky sin y + 7 kh, cos 2y + 7k, sin 2y + ete. 


: 1W 
Then in case of —1‘ a, We have 


3k, sin y — 3k, cos y + 7° k, sin 2y — 7°) k, cos 2y + ete. 


Having W from the integration of hie we form W from the value of W and 


converting y into g. 
We thus have from the equation 


ait +i), 
ue = 1 
+(1”.351 + k,) cos g + (0.856 + k,) sin g 
~— 1”.2175nt cos g + 3”.2376nt sin g 
+ (— 7.284 + 7° k,) cos 2g + (0.589 + 7° k,) sin 2g 
—'’.0488nt cos 2g + ”.1298nt sin 29 


+ ete. -+ ete. 
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In the second integration the constants of ndz and v are designated by C’ and V 
respectively, and the complete forms are 


C+knt + k, sin g —k, cosg + yk, sin 29 — in k, cos 2g + ete. 
N — kk, cos g — $k, sin g — 4 k, cos 2g — $y ky sin 2g — ete. 
In case of the latitude the constants of integration have the form 
1, + 1, sin g + Ll, cos g. 
We thus find 
nz = C+[1+ k —32”.7162]nt 
+ [4.59 + k,] sin g + [—2”.07 —k,] cos g 
— 1’.2175nt sin g — 3” .2376nt cos g 
+ [—07.11 + 47 k,] sin 2g + [—0”.31 — gy k,] cos 27 
— 0”.0244nt sin 29 — 0”.0649nt cos 2g 
+ ete. + ete. 
y = +0”.0511nt + NV 
+ [—0”.54 — $h,| cos g + [— 0”.58 — $h,] sin g 
+ 0”.6087né cos g — 1’.6188nt sin g 
+ [0.05 — 47k] cos 2g + [— .24 — gn &] sin 2g | 


+ 0'.0244nt cos 29 — 0’.0649nt sin 2g 
+ ete. + ete. 
U ty iad 


+ [1.52 +1] sin g + [—0”.68 + 1,] cos 9 
— 1.3464nt sing — 3’.0038nt cos g 

+ 0.32 sin 2g — 0’.16 cos 29 

— 0’.0539nt sin 2g — 0”.1204nt cos 29 

-+ ete. + ete. 


g 9 
"0 
= 
oe 
0—1 
0— 2 
0— 3 
1—1 
9) 
3 — 3 
4—A4 
5 — 5 
6 — 6 

— 2 
9—4 
1—83 
2—1]1 

ae 
38 — 2 
38—4 
4—8 
Cae 
ne A 
—l—1 


@y) 
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The complete expressions for ndz, 7, 


noz 
sin cos 
+k, nt 
_39.7162nt 
= 459 = ey 7 = 2.07 =e, 
— L215 nt — 3. 2376nd 
Se Nite 1k, — 1 oe 
— 0.0244nt —- "064 9nd 
Ho 300 = 3.09 
rare + 1.92 
ae 0.98 Beas Gi 
—174.61 4 2.04 
+4+263.97 eae, er) 
+. 95.15 — 0.81 
Se ya — 0.85 
Be ce4 rest | 
el aa ay 05 
1185.18 + 2.10 
— 1.10 == Pailll 
+410.16 —87.44 
— 5.25 = 8H 
— 317.24 + 8.03 
soe bele + .04 
je) 7.90 en: 
aa ee) 
aly. iT oes 
ie ied eat iy! 
te a et, 


u“ 


co 


COs 
BERS. 0511n8 
BS) 54 oe 
+ 0.6087 nt 
4+ 05 — dy, 
Bee onsae: 
+ 2.12 
“SET 
ae 12 
6119 
—156.21 
— 18.30 
et 68 
2 


sin 


58 — 4k, 


— 1.6188nt 


-- 
—L 


24 — 44°R? 
0649nt 
1.54 
95 
.89 


ota 


3.15 


3.78 


_in tabular form are the following: 
sw 


u 
cos 7 

sin cos 

+1, + 0.36 

A -- 3628nt 

+ 1.52 +1, — 68+. 

_ 1.3464nt — 3.0088ne 
+ (32 — 16 

— .0589nt — 1204nt 
— 4,83 — 2.03 
+ 1.30 + .61 
— 37 + .25 
+ 2.69 + 1.26 
— 1.15 — 57 
— 1.60 — 60 
+ .08 + .02 
— 6.64 — 2.70 
— AT — 17 
+ 4.43 - + 1.78 
== 198 se 499 
—38.24 —14.92 
— .52 + .20 
+ 1.31 + .50 
— .24 + .08 
+ .28 + .10 
— 1.62 — .63 
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The constants of integration are now to be so determined as to make the pertur- 
bations zero for the Hpoch. The following equations fulfill this condition : 


C+ ksng— hk, cosg + dy, sin 2g — $n k, cos 2g + ete. + (ndz)y) = Jo 


; d 
ndt 


ky + k,cosg + k, sn g +: 7k, cos 2g + 7°) k, sin 2g + ete. + (ndz)) = 0 
NN — 3k, cosg — tk, sin g — 4” k, cos 2g — $n k, sin 2g — ete. + (r)o ae 


+ 3k, sin g — $k, cosg + 7K, sin 2g — 7° k, cos 2g + ete. + 7 (G1) fe 


ld +%,sng + 1,cosg + 7 Ll, sin 2g 4- yl, cos 2g + ete. + oe ==) 


ndt \cos% 


l, cosg — l,sin g + 7 1, cos 2g — 7” 1, sin 2g + ete. + “ (=). ==) 


To find k&, and k, we have 
k, [cos g — e + 7” cos 2g + 7) cos 8g + ete.] + & [sin g + 7 sin 29 + etc. | 
— 82, + 6 (r)) + 4% (nbz) = 0 
k, [sin g + 27° sin 2g + 37 ain 3g + ete.] — k,[cos g + 27° cos 2g + ete. ] 


ay g (po = 0 


ndt 


where 
ve =a 2k Soa ek, —- TAT Z SS) Se 32’ .7162, 
k, being found from 


ley = ely + 8%, — 3 (nbz) — 6 (ro 


We have also 


ih — él,. 


The symbols (ndz)), (v)o, ete., represent the values of ndz, v, etc., at the Epoch. 
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To find the values of the angles (7g + 2’g) at the Epoch we haye 


g 332° 48’ 53’.2 
G ==) 03 “Seas O 


The long period inequality, 5 Saturn — 2 Jupiter, is included in the value of g’. 

From these values of g and g’ we find the various arguments of the perturbations. 
Then forming the sine and cosine for each argument, we multiply the sine and cosine 
coeflicients of the perturbations by their appropriate sines and cosines. 


¢ 


In forming S (néz), etc., we can make use of the integrating factors, multiply- 


n 


: ; 5 sei 3 ey 9 5 
ing by the numbers in the column (7 + 2’ — i; Having their differential coefficients we 
n 


proceed as in the case of (ndz), ete. 


We thus find 


(ndz)y = + 401”.7, (v)) = + 1807.6, (“.) = —22".6 


cosa 


“ (ndz)) — —391".6, n= + 7075, —“ ( ) = +415. 


nat ndt \ecost 


And from these we have 


k, = + 412.8, k. = — 82.9, ky = — 26”.21, Ga 0. 
l = — 45.2, LZ =+ 04, N= + 28’ 3, 
CG 332° 44’ 12’6. 


The new mean motion is found from (1 — 32.7162 — 26”.21) nt, which gives 
n = 855’.5196. With this value of n we find the only change is in the coefficients 
of the argument (1 —3), having + 405”.29 instead of 410.16, and — 86”.30 instead 
of — 87.44. 


The constant C now has the value 


C = 332° 44 16” 3. 


_ 
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Introducing the values of the constants of integration into the expressions for 


3 Uu 
nz, v, and--_, we have 
COS? 


NZ 


332° 44’ 16.8 + 855.5196 ¢ 
+ 417.4 sing + 80’.8 cosg 
— 1’.21%5sing — 3”.2876 cosg 


+ 16’.4 sin2g + 37.0 cos 2g 
— 0.0244 ntsin2g — 0.0649 nt cos 24 


+ ete. + ete. 
+ 287.3 + 0°.0511 nt 
-— 206.9 cos g + 40.9 sing 


+ 0.6087 ntcosg — 1.6188 ntsing 
— 8'.2cos2g + 1.3 sin 2g 


+ 0”.0244 ntcos2g— 0'.0649 nt sin 29 


+ ete. + ete. 
—+. 0" 4 +. 0'.3623 nt 
— 44” 2sing — 0.7 cosg 


— 1'.3464ntsng — 3.0038 nt cos g 
— 1”’.5sin 2g — 0.2 cos 29g 
— 07.0539 nt sin2g— 0.1204 nt cos 2g 


From the expressions of the perturbations that have been given, and the elements 


used in computing the perturbations, except that we use C’ in place of g) and the new 

value of the mean motion, we will compute a position of the body for the date 1894, 

Sept. 19, 10" 48™ 52°, for which we have an observed position. From a provisional 

ephemeris we have an approximate value of the distance; its logarithm is 0.14878. 
A. P. 8.— VOL. XIX. V. 
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Reducing the above date to Berlin Mean Time, and applying the aberration 
time, we haye, for the observed date, 1894, Sept. 19, 72800, j . 


g = 889° 19’ 38.1, g’ = 60° 24’.1. 
Forming the arguments of the perturbations with these, we find - 
noz = 4-4 43.2, y = +376, AE ees BLY 
To convert » into radius as unity and in parts of the logarithm of the radius 
vector we multiply by the modulus whose logarithm is 9.63778, and divide by 206264’.8. 


Thus we have from » = + 3.6, the correction, -+ .000008, to be applied to the loga- 
rithm of the radius vector. 


u Oi 
In case of = — 2”.8, we have 
Cost 
(2 == 273 X Geese] 1D: 
Converting into radius as unity, we have ¢z’ = — .000035. 'The coirdinate 2’ is per- 


pendicular to the plane of the orbit. As we will use codrdinates referred to the 
equator we have, to find the changes in a, y, z, due to a variation of 2’, which we have 


designated by éz’, the following expressions: 


de-== (Sin 7-6inyQ) :d2’ 
dy = (— sin ¢ cos Q cos e — cos7 sin «) 62’ 


dz = (— sin? cos Q sine + cos 7 cos e) dz’ 


where ¢ is the obliquity of the ecliptic. 
For 1894 we find 


éa = (— .0404) dz’, dy = (— 3123) de’, ez = (+.9491) de’ 
And for the date we have 


da = + .N00001 dy = + .000011 dz = — .000033 
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With ¢=5°44'4"6 9 = 208°51'51".5, ~¢ = 23° 27’ 10"8, 


we compute the auxiliary constants for the equator from the formule 


: x tg v 
cots A = — tg Q cos 2 ah 
gs J ) Y 0 AOR ou 
cos 7% Cos! CE; ae 
cote B= : : As ) 
tg §2 cos £, COS ¢ 
Gite (6a COP ee y ps Bs ey. 
tg §2 cos E, sin ¢ 
: cos : sin 9 cos « : sin © sins 
sm a@ = coer sin 6 = wet —, sin C= in $3 : 
sin A sin B sin CO 


The values of sin a, sin 0, sin c are always positive, and the angle E, is always 
less than 180°. 
As a check we have 


sin b sin ¢ sin (C — B) 


bo aes sin a cos A 
We find 
A. = 293° 45' 29.3, B = 202 59'46".9, C= 210° 45’ 55".0 
log sina = 9.999645, log sin 6 = 9.977735, log sin ¢ = 9.498012 


Applying néz = + 4’ 43.2 to the value of g, we have 
nz = 339° 24 21.5 


By means of g or nz = E — e sin E we find 


Hee sp 3023 4 
Then from . 
Jrysin $V = V/ mel +e)sin 3k 


+ 


€) cos 5 E 


Nie 


Jr, cost vo = Val 
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we find 
iesoo0 OUela ee, log r, = 0.878246 


where v is the true anomaly. 


Calling wv the argument of the latitude we have 


it 0 ea — Qo oe 


Hence 


Apu? S85 aa B+u= ds46° 52’ 28.7, C+ u= 354° 38’ 36”.8. 


And from 


‘sin a sin (A -+ w) 


oS 
~ 


— rsin b sin (b+ w) 


—~ 


r sin c sin (C+ w), 


x 
| 
= 


where 
log r = log r, + 6 log r = log r, + .000008, 
we haye 
x = + 2.331894, y = — .515433, 2 = — .070208. 
The equatorial cobrdinates of the Sun for the date of the observation are 
X = — 1.002563 Y= + .045198 Z = + .019611. 
Applying the corrections da, dy, dz, we have 


w+ 6%. X = + 1.329832, y+ dy+ Y=— 470224, 24 d2-+ 4= — .050630. 
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Then from 
Seige Cory 


We ig) = las oe 
gee 7G + on + X’ go y +éz-+ JF a + dx +X 


we have, giving also the observed place for the purpose of comparison, 


goes ol” bly. 0. — — 2a0 23's) log A = 0.149514. 
a, = 340 33. 49.1 Oj == D2 - 25.4. 


where the subscript ¢ designates the computed, and the subscript o the observed place. 

Both observed and computed places are already referred to the mean equinox of 
1894.0. If the observed position were the apparent place we should have to reduce 
the computed also to apparent place by means of the formulze 


Aa =f+gsin (G+ a)tyd 
ah g cos(G + a), 


the quantities f, 7, and G' being taken from the ephemeris for the year and date. 
If the observed position has not been corrected for parallax we refer it to the cen- 
tre of the Harth by means of the formule 


Aa = — %Pcosg! sin (a — 8) 
J cos 0 
t / 
y= ee 
‘ cos (4 — @) 
Nee zpsing’ sin oS) 
4 sin y 


where 


a is the right ascension, § the declination, A the distance of the planet from the 
Earth, ~’ the geocentric latitude of the place of observation, 6 the siderial time of 
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observation, p the radius of the Earth, and x the equatorial horizontal parallax of the 
Sun. 
For the difference. between computed and observed place we have 


C— 0 = — 2’ 87,7 in right ascension, and C’— 0 = — 57’.7 in declination. 


By the method just given we have found the positions of the planet for several 
dates and have compared with the observed places. 'The comparison shows outstand- 
ing differences too large to be accounted for by the effects of the perturbations yet to 
be determined, which are the perturbations of the second order, with respect to the 
mass, produced by Jupiter, and the perturbations produced by the other planets that 
have a sensible influence. We have therefore corrected the elements that have been 
used in the computations thus far made, by means of differential equations formed for 
this purpose, employing as the absolute terms in these equations the differences be- 
tween computation and observation for the several dates. A solution of the equations 
has given corrections to the elements that produce quite large effects on the computed 
place. Thus recomputing the position of the planet for the date given above with the 
corrected elements we find 


a, = 340° 33’ 44”.5 , §, = — 2° 2’ 15” 6. 
And since 

a = 340° 33’ 49”.1 , d) = — 2° 2 257.4 
we have, for the difference between computed and observed place, 


C— 0 = — 46 in right ascension, and C— O = + 9’.8 in declination. 


ARTICLE IL. 


AN ESSAY ON THE DEVELOPMENT OF THE MOUTH PARTS OF 
CERTAIN INSECTS. 


BY JOHN B. SMITH, Sc.D. 


Read before the American Philosophical Society, February 21, 1896. 


Since the publication of my paper on the mouth parts of the Dptera, printed in 
the Transactions of the American Entomological Society for 1894, I have continued 
gathering material, have examined the oral parts of a very large number of species of 
all orders, and am more than ever convinced that in all essentials the conclusions 
already published by me are correct—revolutionary as they seem at first sight. That 
my ideas have not found unquestioned acceptance is not surprising; but no one has, 
to my knowledge, published anything that disproves the points made by me. It has 
been suggested, however, because I have not made continual reference to the works of 
previous authors, that I was ignorant of the literature, and several papers have been 
cited as contradicting my conclusions. 

As a matter of fact I believe I am fully aware of all that has been written on the 
subject, and have, in each case where my attention has been called to a paper, studied 
it carefully, and found nearly always that the facts given bear me out, though the con- 
clusions are adverse; simply because no author has seriously questioned the univer- 
sally accepted homology of the month parts in the various orders. My own studies 
have been made on a basis so radically different from any heretofore accepted, that my 
results must stand on them alone, and my conclusions, if valid, must stand on the facts 
as they appear to me. I have used principally the dissecting needles in my work; but 
have not neglected the section cutter. ‘This latter instrument has been rather too 
much used at the expense of the needles, and its results, though undoubtedly accurate 
as a record of facts, are easily misinterpreted if the basic homology which is assumed 
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to exist is inaccurate. For the reasons just given no references to previous writers 
will be made, except incidentally, and as I have in some respects modified my views 
as to the homology of certain of the parts, I will go into the entire subject in such 
detail as is necessary to prove my point; but without reprinting my first paper, which 
should be herewith consulted. 

I do not expect denial at this day, when I claim that no explanation of the homol- 
ogies of the mouth parts of insects can be considered satisfactory which will not stand 
the test of criticism by the theory of evolution. If we assume the origin of all insects 
from one original type, we must, necessarily, assume that all the mouth structures are 
derivatives of one type, and we must so study them as to be able to explain, step by 
step, just what specializations have occurred. We may not be able to complete en- 
tirely each link in the chain of evidence, but we can, at any rate, reach a result con- 
sistent with all the facts known to us. Any explanation which satisfies all the require- 
ments of a regular and natural development is to be preferred to one which demands 
an unexplained specialization of any part, not in line with its function in other series. 
It is therefore necessary to study carefully the make-up of every separate mouth 
organ, and of every sclerite in each, to become thoroughly familiar with its uses and 
to ascertain the lines in which it varies or develops. 

It may be premised that the mouth parts of the Hemeptera in their present con- 
dition are not included in the range of these studies. I have examined numerous 
specimens and haye devoted especial attention to Cicada and Thrips—the latter 
classed as hemipterous for present purposes only—and I believed at one time that I 
had made out the remnants of a mandibular sclerite, and so published it. Mr. C. L. 
Marlatt questioned my conclusions and asserted that the mandibles are represented by 
one pair of bristles. While I believe that I was wrong in my identification of the man- 
dibular sclerite, 1 am yet convinced that I am correct in claiming that beak and setz 
are all maxillary structures. I have concluded, however, after a careful review of all 
my preparations and of what has been written, that the Hemiptera in the mouth struc- 
ture are not descended from any well-developed mandibulate type, and that no trace of 
true mandibular structure occurs in any present form. 

In other words, the /Zem¢ptera equal all the other orders combined in rank, for all 
others are mandibulate or derivatives from a mandibulate type. The archetypal Thy- 
sanuran with undeveloped mouth organs varied in two directions—toward the 
haustellate type now perfected in our present Hemiptera, and to the mandibulate type: 
and there has never since been any tendency toward a combination. The haustellate 
type proved ill adapted for variation and there is, in consequence, a remarkable same- 
ness throughout. This kind of stracture must be studied on an entirely new basis to 


OF THE MOUTH PARTS OF CERTAIN INSECTS. big’ 


get at the steps by which the present “beak” was developed, and my material is not 
sufficient for that purpose. The mandibulate type, on the contrary, proved well 
adapted for variation, and its differences and modifications are here traced. 

For convenience, Kolbe’s figures of the mouth parts of a grasshopper are repro- 
duced on Pl. III, Fig. 22, and may be referred to in connection with the following 
explanation. 

In a well-developed mandibulate mouth we have, forming an upper lip, the lab- 
rum, often notched in front or toothed; but never a paired organ, never with appen- 
dages, and never mechanical in function. It is articulated at base to the clypeus and 
serves to shield or protect the mouth in front; as a matter of fact, not a functional 
mouth structure at all. It is marked Jor in all figures. 

More or less intimately associated with it on the inner side is the epipharynx, which 
is compared in function with the palate of vertebrates, and is furnished with sensory 
hairs, pegs or pittings. It may be so closely united with the labrum as to form, prac- 
tically, a part of it, or may be entirely free. If free from the labrum, the epiphary nx 
is more closely united with the other mouth parts, and in such cases its supports go to 
the mentum or labial structures. Not infrequently it has attachments to both. In 
form it may be a mere pointed process, or it may be a more or less divided, plate-like 
organ; but its functions are gustatory or sensory in all cases—it never becomes a 
functional mechanical structure, and I have never found it without a more or less de- 
veloped labrum to shield it. It is lettered ep7 in all figures. 

Just below these covering and gustatory organs is a pair of mechanical structures 
—the mandibles—set, one on each side of the head, and attached to the inferior margin 
of the epicranium or an extension from it. ‘These mandibles are never jointed, rarely 
bear appendages, and never such as are functional, rarely have a movable tooth, and 
are usually solid and highly chitinized. They are actually made up of a number of 
selerites, laterally united, but distinguishable in certain types like Copris, Pl. I, Fig. 8. 
I have elsewhere named and homologized these sclerites; but as the matter is not in 
dispute, and of no importance here, a simple reference to the figure in which they are 
named is all that is necessary. The position of this pair of mouth structures is inva- 
riable. They are completely disassociated from the maxillary or labial structures and 
remain attached to the head when all the other parts are removed in a body. They 
attach by socket joints to the epicranium and their tendons and muscles attach to 
its inner surface. They never change in function, never become united with or 
attached to the other mouth organs and never become internal structures. When not 
needed for chewing or biting the tendency is to obsolescence: never toward a change 
into a thrusting or piercing organ, so far as my observations extend, 

A. P. 8.—VOL. XIX. W. 
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Below the mandibles are found a pair of maxillee, made up in all cases of a number 
of sclerites, and nearly always supplied with palpi or jointed tactile organs. ‘The 
more particular consideration of these organs and their parts may be somewhat 
deferred. 

Forming the lower lip and closing the mouth inferiorly is-the labium, also made 
up of a number of sclerites and usually furnished with palpi. It is never entirely 
paired in existing insects, but is assumed to be made up of two more or less united 
structures, similar in essential character to the maxilla, as has been well stated by 
Prof. J. H. Comstock. This labium is an exceedingly important structure and forms 
the oral termination of the digestive tract or the mouth of the cesophagus. 

Attached to the inner surface of the labium is the hypopharynx, a variably devel- 
oped structure, which is supposed to be the remnant of another originally paired organ, 
the endo-labium. I have never seen the genera in which it is said to be well devel- 
oped, hence have no well-founded opinion to offer. I find it uniformly a single organ, 
often highly developed and gustatory in function, sometimes a merely passive structure 
more or less closely attached to the ligula, usually very near the opening into the 
digestive tract. 

Briefly recapitulated, the insect mouth, when most fully developed, consists of 
two pairs of lateral jaws moving in a horizontal plane between an upper and a lower 
lip, which are furnished with gustatory structures forming the roof and the floor of the 
mouth respectively. This mouth is adapted for biting and chewing and varies to types 
adapted to lapping, to sucking only, and to piercing and sucking. The problem before 
me is to ascertain by what modifications these different changes in type have become 
established. 

If we examine the head of a well-developed mandibulate insect from the under 
side— Copris carolina, Pl. I, Fig. 7, may serve as type—we find, centrally, the gula or 
throat, bounded laterally by the gene or cheeks, extending to the posterior margin of 
the head and bearing anteriorly the labium. The labium when carefully dissected out 
is found to consist of a broad basal plate, the submentum, more or less firmly articu- 
lated to the gula and never, in existing insects, a paired organ. It bears anteriorly 
another plate, the mentum, also a united organ, though sometimes traces of a division 
are apparent. It is usually smaller than the submentum, sometimes membranous, 
often entirely separated and frequently so united with the latter part that the two are 
not separable. Though the submentum is the most persistent and dominant structure 
it has been customary to use the term mentum to apply to the united sclerites, and it 
will become conyenient for me to so use the term hereafter when no confusion or mis- 
understanding can be occasioned. The structure is lettered m in all the figures. 
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Attached and articulated to the mentum anteriorly are the central ligula, a pair of 
. paraglossa bounding it, and a pair of palpigers, one at each outer edge, bearing the 
labial palpi. 

The ligula or glossa, marked gl in all the figures, is a paired organ only in the 
more generalized orders, and is usually present as a single, central structure, which may 
) be either chitinous and rigid or membranous and flexible. It is the most persistent of 
all the labial structures, is never attached except to the mentum, and always has asso- 
; ciated with it the hypopharynx where that is present. We always find at its base the 
opening into the alimentary canal, or cesophagus, as this part of it is termed, and this 
must ever be the test of labial structures—that they are attached to the mentum and 


glist (cement eile) 2 A ee 


have at their base the opening into the alimentary canal. The association is never 
broken, and the base of the ligula, whatever its form or however it is modified, always 
marks this point. On the other hand, by tracing the alimentary canal to its external 
opening, we can always recognize the ligula hy its position, however little it may re- 
semble normal types. 


_ 


The paraglossze are sometimes intimately united with the ligula, sometimes com- 
pletely separated from it: they may be of the same or a different texture; but they 
always arise from the mentum on each side of and close to the central structure. Their 
tendency is to obsolescence, but they may become united and form a bed for the ligula 
which remains the inner organ. Their range of variation is not great; they are never 
Sa 2 ; jointed, and never become mechanical structures. 

Py’ The palpi are tactile in function under all circumstances, though they may lose 
a this function in great part and may, by coalescence, form a sheathing to the ligula. 
They are never, under any circumstances, attached anywhere except to the mentum, 
- directly or indirectly, and their location must be constantly the same. They cannot, 
without losing their essential character, become disassociated from the mentum, 
‘nor can they ever form an envelope or covering for it, or for the submentum, with- 
ae out a change entirely at variance with any reasonable theory of development. ‘To 
a accomplish this they would first lose their character as labial appendages. In 
brief, the labium is the external beginning of the alimentary canal, and none of the 
parts ever lose this association. Whatever their modification, no labial structures 
can ever be joined to the sides of the head outside of mandibular or spe Tay 2 


_ 


y 
a structures. 


180 AN ESSAY ON THE DEVELOPMENT 


paragloss, and the three-jointed labial palpi. This generalized structure fixes the 
relation of the parts, and from it we may pass to more specialized types. 

In Harpalus caliginosus (Pl. III, Fig. 7) we have a case where the ligula forms 
a single, central organ, laterally bounded and on one side completely enveloped by the 
softer paraglossxe. The location of the palpi remains essentially the same. We have 
here two cases showing the change of a two-jointed membranous paired organ into a 


single, rigid, chitinous structure, and the identity of the parts is not questioned, nor 


I believe, questionable. 

If we carry our dissections one step further and from the fresh specimen remove 
not only the highly chitinized parts, but also the softer attached structures, leaving 
maxillee and mandibles undisturbed, we find in all cases the cesophagus in the cavity 
below the mentum and submentum, and these sclerites afford attachments for neces- 
sary muscles. They also form, by means of chitinous extensions and processes, a 
chamber or cayity protecting the csophagus and supplying muscular attachments 
when a sucking or pumping structure is needed. Thus the mentum and submentum, 
whether separated or united, are always inferior coverings to the cesophagus.: ‘To sup- 
port this structure, processes sometimes extend almost or quite to the upper or anterior 
surface of the head, and in many cases, where the epipharynx is separated from the 
labium, it is connected by means of long processes with the mentum. This is true in 
many Coleoptera, quite usual in the Hymenoptera, and occasionally found also in the 
Diptera. In Pl. IJ, Fig. 6, is a lateral view of the labium of Copris carolina when 
completely dissected out, and the clubbed processes, loosely attached to the inferior 
prolongation of the submentum, normally support the epipharynx. In PI. IJ, Fig. 9, 
and Pl. II, Fig. 18, we note similar processes in Andrena vicina with part of the epi- 
pharynx still attached, and in Polistes metricus, where the structures are complete. 
Precisely the same structures occur in Simuliwm (Pl. I, Fig. 1“), as will be more fully 
noted hereafter. It may be stated that I have adopted the term “ fulcrum,” used by 
Macloskie and others, to designate the structure formed by the mentum and submen- 
tum and containing the beginning of the alimentary canal. 

In Polistes metricus (Pl. II, Fig. 18°) I show the labium completely dissected 
out, with all its attachments, viewed laterally. It will be noted that here the mentum 


- and submentum are united, highly chitinized, and form a scoop-shaped structure, — 


bearing at one end the labial structures and enclosing ae the re besinning of the 
pal ee Attached oe Bese» rods to ile rior a’ 
o that hypopha: c e on the 
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and paraglosse of this same Polistes. The structures are here membranous, some- 
what bladder-like, and well adapted for lapping by means of flattened, bent processes, 
set in series on the entire inner surface. The paraglosse are completely separated and 
the mouth opening is shown at the base of the figure, as well as the chitinous ring 
marking the beginning of the cesophagus. 

In Andrena vicina (P|. I, Fig. 9) we find a similar yet quite different structure, 
a. @., the same parts, used for much the same purpose, yet considerably modified in de- 
tail. The mentum is here much longer, more shallow, but similarly bears the epiphar- 
ynx on chitinous rods. ‘The ligula is more inflated and the paraglossxe are much 
reduced, but the palpi originate as before, and we have simply an illustration of the 
variation in form found in this united mentunt and submentum. It is important to 
note here that in Polistes, Andrena, and indeed the Hymenoptera generally, the labial 
structures are free from all lateral attachments to the head and may sometimes be pro- 
jected forward quite a distance. The attachment to the head, indeed, is muscular and 
membranous entirely, and there is no direct articulation to any point by chitinous or 
rigid processes. There is nothing therefore to prevent the growth of the head sclerites 
around the mentum, which would thus become an internal structure—as has actually 
happened in the Diptera. . 

Another feature upon which Dr. Packard rightly places great stress is that a 
salivary duct opens into the hypopharynx at the base of the ligula, which he thereby 
identifies. As this ligula is always attached to the mentum, it follows that this struc- 
ture may be identified in the same way, while no structures not originating from the 
same point can be labial in character. 

Before studying further the specializations of the labial structures, it may be well 
to say that they sometimes tend to become useless or obsolete, or so much reduced that 
they are difficult of recognition ; and, curiously enough, in such cases the palpi seem 
to be the persistent organs, Thus in some species of Scolidw among the Hymenop- 
tera the mentum bears only little, feebly developed palpi. A striking case is in the 
Panorpidie, where on Pl. III, Fig. 4’, the mouth structures of Brttacus strigosus are 
shown. Here ligula and paraglosse have disappeared entirely; but the palpi are dis- 
tinct and the curiously developed hypopharynx marks the beginning of the opening 
into the cesophagus. 

A modification of this type is to be found in the Lepidoptera, where practically in 
all cases the palpi alone, attached to a plate of variable size and shape, represent the 
labial structures. 

It seems a long jump from the reduced type in Panorpide to the fully developed 
labium of the Apidw; yet, except for the fact that all the parts are much elongated, 
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there is no difference from Andrena or Polistes, which have been already studied. I 
have found no species which shows all the parts more fully developed than Xenoglossa 
pruimosa (Pl. II, Fig. 15). Here all the parts are equally developed and all are func- 
tional; hence it makes a good starting point. 'The mentum is not shown in the figure 
except at the point to which the other parts are attached, and surmounting it cen- 
trally, we find the ligula; here a united, though extremely flexible organ. Lying cen- 
trally upon it, so as to close a groove, is the hypopharynx, in this case not easily separ- 
able from the ligula. Arising close to the central organ on each side are the para- 
glossxe; almost as long as the glossa itself, flexible, unjointed, flattened and a little 
incurved at the margins so as to form, when closely applied to it, a partial shield for 
the ligula. Outside of all, situated at the outer margins of the mentum, are the palpi. 
These are four-jointed; but the basal joints are enormously elongated in proportion to 
the terminal two, and they are also flattened out, broadened and infolded, so that when 
at rest they cover and almost conceal the other labial parts, though not extending for- 
ward as far as they. In this insect the structures just described are almost entirely 
covered by the maxilla, and a transverse section (Pl. I, Fig. 15%) is interesting and 
instructive. It represents the structure at about the middle of the combined maxilli 
and labium and illustrates the relative position of the parts. | 

The tendency in the bees is toward a loss of the paraglossee, which shorten grad- 
ually until they disappear altogether, as represented in a species of Bombus figured in 
Pl. II, Fig. 15. Every intergrade is represented in any good series of bee mouth 
parts, and in their rudimentary condition, without function, they appear in Bombus sp., 
represented on Pl. III, Fig. 6. The palpi retain their unique development, and in 
the figure just cited are seen to be as long as the ligula itself, the basal two joints en- 
folding it almost completely, while the terminal joints are much reduced in size and 
set near the tip of the second joint, on the outer side. In other species these terminal 
joints are proportionately yet more reduced and are sometimes difficult to find. ‘The 
essential point to be noted is that at their best development the paraglossx are not 
jointed and that they tend to complete obsolescence in the most highly specialized 
types. The palpi in Bombus require a little further examination: Reference to the 


figure last cited will show a short segment between the mentum and the first long 


joint, and this is membranous in texture. The mouth parts in Bombus are folded — <4 
ee a rest eit the Paes is at the mentum 1; hence the necessity for some st prom 
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tion. First let me say that I have already shown that a change from flexible to rigid 
ligula is not uncommon, and the suggested union of the palpi is a much less violent 
requirement than that imposed by the current explanation of the Dipterous mouth. 
Referring for a moment to Pl. I, Fig. 3, we see the entire mouth structure of Hristalis 
tenax. Above is the mentum and submentum, very like the structure already de- 
scribed for Polsstes and entirely homologous with it, and at its tip we find arising in a 
group the structures further enlarged at Pl. II], Fig. 5. Centrally we find the now 
rigid ligula, deeply grooved in the middle, the channel closed by a flattened, also rigid 
and chitinized hypopharynx. Loosely enveloping this central ligula is a more mem- 
branous cylinder, evidently made up of two lateral halves, two-jointed, and the ter- 
minal joints separated or paired except at the base. As in Bombus the mouth of Hris- 
talas is hinged, and the joint is also at the base of the ligula. The latter organ is so 
articulated as to allow of the flexion; but in the palpi we find again the provision 
already noted in Bombus—a flexible, membranous, pseudo-segment. Now if we sec- 
tion the Bombus and ZHristalis at the middle, we find the cuts alike, except that in 
Hristalis the palpi are completely united over the hypopharynx and closely approxi- 
mated at the opposite side. If we section near the tip, the cuts in both cases are 
identical. That this united structure in Hristalis is the united labial palpi seems to 
me beyond doubt. In the first place, the point of origin is normal, next to the ligula 
and at the tip of the mentum; and, secondly, it is a jointed organ and therefore can- 
not be paraglossa. It is in all points the structure of Bombus, with the terminal joints 
lost and the two halves united for the greatest part of the distance. ‘That the parts 
named mentum and submentum are really such, is proved by the fact that the hypo- 
pharynx, which is not in dispute, originates from and that the cesophagus originates 
within it. 

In Bombus fervidus the ligula is unusually developed and much longer than the 
labial palpi, while the paraglosse are wanting. In PL. III, Fig. 12, is a camera lucida 
sketch of the labial parts of a carefully mounted specimen. ‘The structures here are 
exactly as normally held when at rest, and only the mentum is a little crushed by the 
cover glass on the shallow cell. Now chitinize this whole structure thoroughly, and 
then compare with the drawing of Chrysops vittatus (Pl. III, Fig. 13) made in the 
same way. ‘The magnifications are different, of course, the Bombus being drawn at 
short range with a four-inch lens while the Chrysops was drawn at long range under a 
one-inch objective. The object was to get the two of approximately the same size for 
convenience of comparison. In the Tabanids the mouth parts are rigid and not flexed, 
and no sort of joint or hinge is required ; hence the-structures are all rigidly united at 
the base to the mentum. In Bombus fervidus the palpi are reinforced by a heavier 
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chitinous rod a little to one side of the middle, and just this sort of structure we find 
everywhere in the Tabanids, lying outside of the ligula at base, articulated to the 
outer edge of the mentum. This, in fact, first led me to suspect the true nature of 
the structure. If now. we section Bombus and Tabanus near base, the cuts will be 
alike, save that the palpi in the latter are united at one margin. If the cuts are made 
toward the tip, the sections are alike—ligula and’ hypopharynx alone appearing in both 
cases. We have then, in Chrysops also, a complete labium, save that the paraglosse 
are absent and the palpi are united on one edge. 

In the Simuliide are many interesting species with generalized mouth structures, 
and of these I have studied the “ Buffalo gnat,” from material kindly furnished by 
Dr. Riley, an undetermined Simulzwm sent me in numbers by Prof. Aldrich, and an 
undetermined little midge collected by me at Anglesea, N. J. The species are prac- 
tically identical in the labial structures, and here again the mentum and submentum 
strongly recall Polistes and other Hymenoptera. The hypopharynx is well developed 
and the ligula are nearly divided; but I have no satisfactory sections of this insect 
and the relations of the parts are not clear to me. At PI. J, Fig. 1’, the labium of 
the “ Buffalo gnat” is shown. In the species sent by Prof. Aldrich I succeeded in 
getting a dissection illustrating the connection of the epipharynx with the mentum, 
and this is illustrated at Pl. I, Fig. 1%. This is really an exceedingly interesting speci- 
men and it clears up the relation of the frontal prolongation of the mouth. That the 
structure so labeled is really the epipharynx there is little room for doubt, and the 
location of the little, chitinous, toothed processes, and their character, leaves no doubt 
in my mind that they are mandibular rudiments—exactly as I claimed in my firet 
paper. That they can be dermal appendages, as has been claimed, does not seem rea- 
sonable to me. They are too highly chitinized in comparison with their surroundings, 
and why should they so completely resemble miniature mandibles? I do not know of 
any case of dermal appendages of a similar character, and it is at least passing strange 


that such should be developed exactly where, nora mandibular rudiments might, 
be reasonably expected. 


: The tendency in the piercing Diptera is constantly in the direction of ampli: 

of labial structures, and so we gradually note the loss of all trace of accessory labial il ae 7, 
structures, leaving the ligula and hypopharynx as sole representatives. Tn ue As aN y 
alide there are no other ' attachments to the mentum, as ae in Pls ; 
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Very interesting is the modification found in the Hinpide, illustrating the extreme 
in the loss of parts; for here the hypopharynx is also wanting, though the salivary 
duct remains, opening into the grooved ligula, as shown in PI. III, Fig. 2%. In this 
case the hypopharynx is replaced by an extension and peculiar modification of the 
labrum. This sclerite is elongated so as to extend to the tip of the labium, and is 
very much dilated, somewhat bulb-like at its base. In Pl. III, Fig. 2’, labrum and 
ligula of Rhamphomytia longicauda are seen from the side, while in Pl. II, Fig. 13, are 
shown the same structures in Hmpis spectabilis. The edges of the labrum are turned 
under sufficiently to leave a central channel just large enough to receive the ligula, 
with which it then forms a closed tube through which the food is taken. 

In most of the Muscid flies we find a structure approximating Hristalis with the 
labial palpi removed; and the parts may be longer, or shorter, or differently developed, 
while adding nothing to what has been already shown; they are, essentially, reduced 
piercing structures, no longer functional. 

We have, however, in certain other species, where the mouth structures are short, 
very poorly developed labial structures. So in Hermetia mucens (Pl. II, Fig. 14) the 
broad and large mentum bears only a short, scoop-like ligula. The specimen from 
which the figure was made was somewhat distorted in mounting and the ligula is 
turned just half round. Similar structures occur in the Bibionide, and Huparyphus 
bellus (Pl. J, Fig. 12) is not essentially different. 

Heretofore the hypopharynx has been referred to mainly in species in which it 
was feebly developed and played but a passive part as a covering structure. It is 
sometimes a highly specialized sensory structure, though it varies greatly, even when 
functional. 

A very curious type is found in Bittacus (Pl. III, Fig. 4’), where it takes the form 
of a simple cylindrical process, set with spines, almost like an odd joint of some slen- 
der palpus. In Copris carolina, Pl. I, Fig. 4, showing the epipharynx, may be 
accepted as a fair representation of the hypopharynx as well, save that the latter is on 
a much reduced scale. ‘The opening of the salivary gland is in a dense mass of spe- 
cialized spinous processes. 

In the Lzbellula, among the dragon flies, we have an inflated, somewhat tongue- 
like organ (Pl. I, Fig. 10”), in which the salivary duct is plainly traceable to its open- 
ing among a mass of crossed, specialized spines. ‘The surface is richly supplied with 
sensory pittings and tactile hairs. It is a great modification from a structure of this 
kind to the simple, ribbon-like form of Bombus, or the flat, slender, chitinous form in 
Tabanus ; but the intermediate stages are all present. 


To recapitulate concerning the labial structures. The mentum and submentum 
A. P. 8.—VOL. XIX. X. | 
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cover the cesophagus. They may be united so as to form a single organ, and their 
tendency is to become internal head structures. The ligula has at its base the opening 
into the alimentary canal; it is rarely paired, may be rigid or flexible, and has closely 
associated with it the hypopharynx, recognizable by the salivary duct which it shel- 
ters. The paraglosse arise on each side of the ligula or glossa, and may be chitinous 
or membranous. They are never jointed, never developed for any specific mechanical 
purpose, and their tendency is to become obsolete. The labial palpi are essentially 
tactile and never become mechanical save as they may form a covering or sheath for 
the ligula. 

From the most generalized type found in the Blattide the modification is first 
from a divided to a single ligula; next to a disappearance or obsolescence of the para- 
glossie ; later the labial palpi also disappear, and finally the hypopharynx is also dis- 
pensed with. There is no break, and nowhere is there any violent change of structure 
or function. 

We are now ready to take up the maxilla, which, though composed of a larger 
number of sclerites, are usually more easily understood in the ordinary type of man- 
dibulate insect. The organ is usually paired and never so completely united as the 
labial structures. The two parts are always external to the labium, which it is their 
tendency to enfold, and they never have any direct connection with the alimentary 
canal. Though the maxillary structures tend to form a covering or sheath for the 
labium and its appendages, there is never any intimate connection between them. No 
part of the maxilla ever unites with any part of the labium or with any of its appen- 
dages. The maxille are essentially mechanical structures, and their range of variation is 
sufficiently great to meet the most diverse possible demands made upon them. <A dis- 
tinct and fundamental characteristic is the fact that each set of sclerites has its own 
peculiar possibilities and limitations, and once these are understood the most highly 
specialized type becomes simply explicable. 

On PI. III, Fig. 17, is a copy of Prof. Comstock’s figures of Hydrophilus, show- 
ing the maxilla from both surfaces, and these may conveniently serve as a text to 
explain the sclerites composing it. At the base is the cardo or hinge, giving attach- 
inen to SSIS ae Jena: om it to the feed: as is to be es that there 
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head sclerites. Supported upon the cardo is the stipes or foot-stalk, deriving its mus- 
cular attachments largely from the cardo; but to some extent from the head itself, and 
this feature is a variable one. Surmounting the stipes is a palpifer or palpus-bearer, 
to which is attached a palpus, varying in the number of its joints. This derives all 
its muscles from the stipes in the typically developed maxilla. On the inner side of 
the stipes is attached the subgalea, deriving its muscles from the head in large part; 
and this bears a two-jointed galea or hood. It is a matter of some importance to note 
that this galea is never more than two-jointed under any circumstances, and that the 
tendency is to maintain that number ; though in many instances it is reduced to one 
only. It is the most persistent as well as the most variable of the maxillary struc- 
tures, and is present when any of them exist at all. Inside of the subgalea, and 
attached to it as arule, is the lacinia or blade, which may or may not bear a digitus or 
finger. In the figures just cited we find what may be termed a normal or proportionate 
development of all the parts, in which no one sclerite is unduly developed or special- 
ized. Before attempting to study specializations it is important to note that, when 
carefully examined, the sclerites are seen to be arranged in three parallel series. That 
is to say three separable parts have grown together laterally, and this union bears with 
it the possibility of future disunion or separation for special purposes. We have as the 
inner series lacinia and digitus; as the middle, subgalea and galea; and as the outer 
the cardo, stipes and palpifer with the attached palpus. Now if we examine some of 
the Neuroptera, e. g., Sialis (Pl. III, Fig. 16), we find this lateral arrangement very 
strongly marked, and it is easily understood that each of these parallel sets may have 
their own peculiar limitations, and that each may be separately and independently 
modified. 

But lest this seem, after all, a far-fetched conclusion, let us examine the maxillee 
of Bittacus strigosus (Pl. II, Fig. 4°),.and we find almost exactly the hypothetical 
state of affairs actually existing! Lacinia, galea and palpifer all separated, of nearly 
equal length, but of quite different appearance. ‘The appearance of a transverse sec- 
tion made at about the middle is shown as Fig. 4”. Fora generalized type this form is 
especially valuable, and we may fairly use it as a guide in our discussion of maxillary 
possibilities. 

There is no absolute rule in the matter, but usually the galea tends to become the 
dominant maxillary organ. In many Neuroptera, and especially in their larval stages, 
the laciniate structure is best marked, as illustrated in Pl. III, Fig. 9, representing 
the maxilla of a Perlid larva Here the galea is reduced to a subordinate rank, and in 
many predaceous Coleoptera it is truly palpiform. 

In many Orthoptera the development of the galea justifies the name by forming 
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an almost complete hood over the lacinia. This is well illustrated in the maxilla of the 
oriental cockroach, Periplaneta orientalis, shown at Pl. ILI, Fig. 8. At this point a 
comparison of the figure just cited with the galea of Simuliwm (Pl. I, Fig. 1") will 
prove interesting and instructive. 

In the Hymenoptera the galea dominate throughout ; no elongated palpifer is ever 
developed, and indeed the maxillary palpi are sometimes almost rudimentary in the 
Apide, as shown at Pl. III, Fig. 15. 

In Polistes, illustrated at Pl. II, Fig. 18’, we find a common type of the Vesprde, 
where the lacinia forms a small, blade-like structure, free for almost its entire length, 
and the maxillze as a whole shelter a large part of the labium. In those cases in which 
the “ maxille ” are elongated, the galea is usually the organ affected. 

Thus in many Meloids among the Coleoptera we have the mouth parts elongated, 
and a study of the maxilla of Nemognatha (PI. III, Fig. 20) shows at once the scler- 
ites concerned. Here the lacinia is much reduced, and if we remove it altogether we 
have the normal Lepidopterous maxilla, which tends to a locking together to form a 
complete tube. Recently it has been found that in certain Lepidoptera the lacinia are 
actually present, and the figures which I have seen indicate a structure in all essentials 
like that of Nemognatha. 

While speaking of the Lepidoptera it may be well to cite Pronuba (Pl. III, Fig. 
21), in which the palpifer is elongated in the female and highly specialized into a sen- 
sory and tactile structure, though unjointed. In a well-prepared specimen the point of 
origin is perfectly clear, and it is entirely homologous with the structure seen in Betta- 
cus. In the male (PI. III, Fig. 19) the “tentacle” is not developed, though the 
palpifer is enlarged to some extent. 

In the Apide, among the Hymenoptera, the lacinia disappear entirely in extreme 
cases, or are at least greatly reduced, while as already stated the palpi are sometimes 
scarcely visible. The galea, on the other hand, is very prominently developed, and 
when at rest envelopes the ligula and paraglossze almost completely. In Pl. III, Fig. 
15, is represented the usual appearance of all the parts separated, while at Pl. II, Fig. 
15", the transverse section of the mouth structures of Xenoglossa pruinosa shows their 
normal relation when at rest. It is seen that the galea actually overlap somewhat at 
one margin, and a union along this line would be scarcely considered a violent stretch 
of the range of variation. Assume such a union, eliminate the paragloss which are 
organs tending to obsolescence, and then compare with the transection of Hristalis 
tenax (Pl. I, Fig. 3”). If the palpifer be eliminated from this latter figure the cuts are 
practically identical. 


Returning to our figure of Bombus (Pl. III, Fig. 15), we note at the outer edges 


OF THE MOUTH PARTS OF CERTAIN INSECTS. 189 


of the galea a series of ridges which, under a high power, look extremely suggestive 
of the structures found in the labellxe of Diptera, especially where, as for instance in 
Bombylius, the pseudotrachea are imperfectly developed. These ridges vary much in 
the species; but are particularly marked in a little Andrena near vicina, if not that 
species itself. Here we see (Pl. II, Fig. 3) the entire inner face clothed with a thin 
membrane which is crossed by numerous closely set fine chitinous lines! I claim that 
this structure is the homologue of the pseudotracheal structure in the Diptera, and that 
in the latter order it is in the galea that the development occurs, as it does here in the 
Hymenoptera. The relative differences in size are not of importance. As to the 
particular use of this structure in Andrena I have no suggestion to make. 

In the Proceedings Ent. Soc. Washington, Vol. III, Mr. Ashmead figures on 
Pl. III, some very suggestive mouth structures of parasitic Hymenoptera, of which 
that of a Pteromalid is reproduced on Pl. III, Fig. 18. The central labium with its 
attached structures is much reduced in size, and the maxilla, bearing the well-devel- 
oped palpi, are reduced to a single structure, the galea, resting upon what may be con- 
sidered the stipes. Now if we bring these two parts of the maxille a little more 
closely together, we have almost the exact structure seen in Bzbio (PI. ILI, Fig. 11°). 
The ‘basal ring, bearing the palpi, corresponds almost exactly to the basal ring of 
Pteromalus except for size, while except that the surmounting galea are two-jointed, 
the correspondence with the upper portion of the structure is equally marked. ‘The 
labium in Bzbv0 is much like that figured in Pl. III, Fig. 14, for Hermetia, and in PI. 
I, Fig. 12, for Huparyphus. 

I am making no very risky statement when I assert that the sclerite to which the 
maxillary palpi are attached must of necessity be maxillary; and further, it is equally 
safe to say that no maxillary sclerite can bear a labial appendage: and certainly not a 
labial palpus. It would be an absurdity, contrary to all the laws of a natural develop- 
ment, for a modified labial palpus to become attached to the sclerite bearing also the 
maxillary palpus; while if we consider it the two-jointed galea, its position is normal, 
requires no assumption of change or character, and does not differ in any essential 
points from the gale of the roach (Pl. III, Fig. 8). Yet these two joints in Bzbi0 
will, with a ridged membrane thrown over them, represent the labellate tip of the 
Muscid proboscis. That such a ridged membrane is well within the range of galear 
variability we found in the Andrena near vicina (PI. II, Fig. 3). 

The structure in Huparyphus bellus (Pl. I, Fig. 12) resembles Pteromalus yet 
more closely, in that a single ring only surmounts the segment bearing the palpus. In 
this instance the maxilla is reduced to exactly the same segments seen in the Hymen- 
opteron, and logic demands that we recognize them as the same. In this case, how- 
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ever, the lower ring is complete—z. ¢., the two halves of the stipes have become 
united. That it must be stipes is shown by the fact that it bears the palpus, and 
again the surmounting sclerite must be maxillary also. 

There are other species allied to those already cited in which similar structures 
occur; but I need for the present call attention to only one more; a species of Olfersva 
(Pl. II, Fig. 19). Here the ring is complete in front, but broadly open behind, and — 
bears the chunky, single-jointed palpus. Surmounting is a single sclerite, very much 
resembling in appearance that of Péeromalus, and undoubtedly homologous with it. 
Of course Olfersia is parasitic in habit, and the mouth parts are specialized for blood-_ 
sucking; but the sclerites composing them are nevertheless derived from the same 
source as in the “higher ” types. 

I have several times referred incidentally to Simulium, and of this the galear 
structures are figured (Pl. I, Fig. 1°): Dissecting the parts out carefully we find an 
almost complete ring at the base, the stipes, to which the palpus and palpifer are 
attached. Surmounting this is a pair of sclerites, each almost a half cylinder, repre- 
senting the subgalea, and bearing the two-jointed galea. Here again I claim that the. 
three joints just referred to must be maxillary because they are directly articulated to 
the sclerite bearing the maxillary palpi, and the labial structures are all shown at 
HigweL 

A. step in the direction of union we find in the Anglesea gnat or midge—also a 
Simuliid, to which reference has been already made. Here we see (PI. I, Fig. 2") the 
subgalea united most of their length at one side, while the galear joints are yet free. 
The basal stipes is not figured because none of my specimens showed it clearly ; but 
the palpifer, palpus and lacinia, as they are connected with it, are shown in the 
specimen. . 

In the Asilide we find another suggestive structure, studied in the light of the 
facts already set out. Here we see, as illustrated Pl. III, Figs. 1* and 1’, the basal 
stipes well developed, united posteriorly, but separated in front. The palpifer and its 
attached palpus are situated at the sides, clearly articulated to the stipes, whose char- 
acter is thus fixed. Attached to this stipes is a broad, infolded structure, united be- 
hind but one in vont ee hecanise < of its pibcare te the aa ape Sia a 
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Jn all the species heretofore cited the galear joints were more or less distinct and 
the pseudotracheal system was little or not at all developed. As the face of the joints 
becomes covered by a ridged membrane the texture of the entire structure changes. 
It becomes less chitinized, and the chitine is not evenly distributed, causing sutures to 
become indistinct and poorly marked. Yet, keeping in mind the general line of varia- 
tion, we can usually reach a correct conclusion. 

In a Leptid, species unknown, we find the appearance shown in PI. II, Fig. 1. 
Here there is a united basal plate, covered on one surface with a membrane, and from 
the chitinous portion arises the palpifer with its attached palpus. Surmounting the 
chitinous base are two joints, the galea, the chitinous parts of which only are shown 
in outline, the balance of the space being covered by membrane. Here again the 
attachment of the maxillary palpus to the basal sclerite determines the maxillary char- 
acter of all the sclerites directly articulated to it. 

In Hermetia mucens (P\. I, Fig. 17) the entire structure is much more membran- 
ous, yet the basal chitinous plate is paired, and while the parts are shown in a dis- 
torted position, the two galear joints and their relation to the basal, palpus-bearing 
structure is yet perfectly obvious. The other maxillary structures have completely 
disappeared, while what is left of the labium is seen at Pl. II, Fig. 14. 

The mouth parts in some species of Zvpula are interesting, and a fair illustration 
of one of the “snub-nosed” species is seen at Pl. I, Fig. 5. Here the origin of the 
palpus.at the immediate base of the chitinized part of the labella indicates its character, 
and if we divest the chitine of the surrounding membrane we get the appearance shown 
at Fig. 5% Practically we have a completely paired organ, the relations of which are 
perfectly simple when the confusing and unimportant membrane is removed. 

The peculiar relation of labrum and labium in the Hmpide has been already 
noted, and this makes it easy to separate off all the other parts adhering to the margin 
of the head, but not in any way connected with the labium. The relation of the parts 
to each other in Lmpis spectabilis is shown on Pl. I, Fig. 13, while on Pl. III, Fig. 2’, 
are shown the maxillary structures of Rhamphomyia longicauda. In this latter figure 
we note that the parts, except palpifer, are entirely membranous. From the basal 
sclerite the palpi arise so as to form only a continuation of the membrane itself with 
an extremely slight attachment to the chitinous palpifer ; and to this very same mem- 
brane there is articulated by a slightly thickened suture the subgalea, united poste- 
riorly, but separated in front; and this bears in turn the indistinctly segmented galea. 
This entire structure obviously belongs together and is one organ—necessarily the 
maxilla. : 

A very similar structure is found in Chrysops (Pl. LI, Fig. 14) and in other species 
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of the Tabanide. Now it will be remembered that in this genus I showed the con- 
nection of all the labial parts with the mentum, where they normally belong; hence 
all the other parts must be, of necessity, maxillary. So we find also in PI. II, Fig. 14, 
that the central labellate structure, two of the piercing structures and the maxillary 
palpi all arise from a single united basal sclerite, the stipes. 

In /ristalis tenax (Pl. I, Fig. 3) these labellate structures are shown, turned 
aside to expose the labial structures. Here also I showed the presence of labial palpi 
in close connection with the ligula and hypopharynx, normally attached to the men- 
tum, and again it follows that the other structures must be maxillary. Again also 
I must call attention to the fact that the palpi are mere continuations of the enveloping 
membrane, and that this membrane continues without break to the tip of the labella. 
Unless we are to believe that a continuous membrane may give rise to both the maxil- 
lary and labial palpi, we cannot possibly consider the labella as labial structures. 

I have now traced out what seems to me a continuous development of the modifi- 
cations of the subgalea and galea, and have shown, I think, that from Pteromalus in 
the Hymenoptera to Hristalzs in the Diptera, a continuous chain may be constructed, 
requiring nowhere any change of character, function or location. No disassociation 
from other maxillary structures and no connection with labial structures. 

In taking up the modifications of the palpifer I am confined almost entirely to 
the Diptera, in which this sclerite is best developed. In Bettacus I showed its devel- 
opment to an elongated structure of no particular type or function and of about the 
same texture as the galea. In Pronuba I showed its development into a highly spe- 
cialized “ tentacle,” tactile and sensory as well as mechanical in character. In the 
Diptera it is quite usually present as an elongated, rigid, chitinous organ adapted for 
piercing. It occurs in all the piercing types and is present as a rudiment in many 
others. It undergoes a curious and interesting change in function as the Dipterous 
mouth changes from the piercing to the scraping or lapping type, and as it becomes 
flexed. 

The simplest form occurs in those piercing Diptera in which the proboscis is not 
flexed. Thus in the Buffalo gnat (PI. II, Fig. 9) it is a stout, semicylindrical piercing 


organ, enlarged both at base and at tip, at which latter point it is also toothed. The 
ea of the aed ee the ; wat was sigs) anes on ‘Pi. At Bees i%sand.{ 5? 
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incomplete articulation between galea and subgalea. By separating off the galear 
structures, the relation of palpifer and lacinia in Simulium is illustrated (on Pl. I, 
Fig. 1°), and the convergence of the two at tip is not distortion, though perhaps a 
little exaggerated by pressure. The result of this change of position is that a section 
made near the base of the proboscis would show as illustrated on PI. I, Fig. 2’, while 
one made nearer the tip would show as in Fig. 1”. Incidentally it will prove interest- 
ing to compare these sections with that of Bittacus strigosus (Pl. II, Fig. 4°), leaving 
out of consideration the abnormal labium of the latter. The resemblance is perfect, 
and the resemblance expresses fully the actual condition of the matter. A very simi- 
lar state of affairs exists in the Asilide (Pl. II, Fig. 1"). Here the palpifer is the 
only maxillary piercing organ, and the figure itself shows clearly how easily it would 
Swing inside the ample space left in the subgalea for its entrance. The curvature of 
the organ is such, also, that when in place it meets the central ligula so as to form a 
solid puncturing organ. 

So in Chrysops (Pl. II, Fig. 14) the structure is seen to be similar to that in 
Semulium ; but here, as almost everywhere else in the order, it is cylindrical or nearly 
so, in marked contrast with the lacinia, which is always flattened. 

As we get into types that have lost the piercing habit, the function of the palpifer 
fails or changes. If the species have a short, nonflexed proboscis, it simply dwindles 
from disuse. So in Stratiomyia and in Leptis (Pl. I, Figs. 1 and 2) it simply forms 
a mere remnant without function. If, on 


a little chitinous appendage to the palpus 
the other hand, the species are able to flex the proboscis, another change takes place. 
There is needed then some lever to which muscles for flexing can be attached, and no 
structure seems to have been so easily adaptable as the palpifer. So we find in the 
Hmpide, where only slight flexion is required, only a small basal extension, shown at 
Pl. I, Figs. 4 and 3, for Hmpis spectabilis and Hulonchus tristis, and at Pl. IIT, Fig. 
2’, for Phamphomyta longicauda. 

In the Bombylude is a step forward. The insects are not predaceous, have the 
habit of hovering over flowers and using the proboscis in feeding in that position. 
This requires a much better control, and as a result the basal extension is much better 
developed, as shown in PI. II, Figs. 6 and 7, illustrating Bombylius and Anthrax. 

As we get into types like Hristalis and other Syrphide, the basal extension be- 
comes the most prominent and the piercing portion diminishes in size (PI. I, Fig. 5), 
and keeping step with this modification is a gradual separation of the palpus itself 
from the palpifer. This is well illustrated both in Hristalés and Spherophoria, and 
this tendency continues until in Ducilléa (Pl. I, Fig. 10) the separation is complete, 
- though the piercing portion of the palpifer is yet distinguishable. In Calliphora even 
A, P.§—VOL. XIX. Y. 
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this disappears and the chitinous rod is entirely disassociated from the palpus. Finally 
in Stomoays calcitrans (PI. II, Fig. 12) there remains nothing to indicate the existence 
of any relation between the slender chitinous rod and the distant maxillary palpus. It 
is not in the least strange that guesses as to the character of this structure in Musca 
domestica should have been so often wide of the mark; though with a proper series as 
now shown, its origin is clear. 

There remains to be accounted for the lacinia, and this in the Diptera is the flat, 
blade-like structure generally identified as the mandible. It has been shown that 
while the lacinia is often the dominant organ in many mandibulate insects, the tendency 
is, on the whole, to a decrease in size, ending in the Hymenoptera in its entire elimina- 
tion. In the Diptera it is present in the blood-sucking species only, and it may be 
identified by its position and its relation to the other maxillary structures. It has 
been several times referred to incidentally, and in the Anglesea Simuliid (Pl. I, Fig. 
2") its relation to the other maxillary parts is shown. In PI. I, Fig. 1% is illustrated 
the connection between the palpifer and lacinia in the Simuliwm sent me by Mr. 
Aldrich. This connection is not fanciful but actual, and no sclerite so intimately con- 
nected with an admitted maxillate structure can be anything but maxillary. 

Again in Chrysops (Pl. II, Fig. 14) I have illustrated the fact that all the strue- 
tures which I consider maxillary have a common origin. At Fig. 14" I show the lacinia 
alone, and it is to be noted that at the base it is modified for attachment with reference 
to the palpus. Now unless this is a maxillary sclerite, why should it be modified to 
accommodate the maxillary palpus? Does it not seem rather absurd to believe that 


this can be a mandible brought to originate from one point with the palpifer and modi- 


fied to allow it to envelope at base the maxillary palpus ? 

One of the most serious difficulties in the way of the proper understanding of the 
mouth parts of haustellate insects has been the desire to provide for the mandibles on 
the theory that they are among the permanent structures. Yet I cannot understand 
why this should necessarily be the case. When functional, mandibles are essentially 


chewing or biting organs, and when the insects do not require such structures, it seems — 


to me most natural that they should become obsolete: and that is exactly what has 
occurred according to my reading of the facts. Their functional character never 


changes; they simply dwindle from disuse and gradually disappear. So we find them | 


in the Lepidoptera as mere rudiments, connected with a highly specialized maxil 


meee 


ctly as I pointed them 


ase 
and in the Rhy mehophornther, geomet ee ae enasion n 
: em out in S? um. é 


~~ 


» hae 


OF THE MOUTH PARTS OF CERTAIN INSECTS. 195 


has written, see any reason why the rudimentary structures at the tip of the labral 
extension in Simulium are not mandibles. 

If we refer back again for an instant to the Panorpids we note (PI. III, Fig. 4°) 
that in Bittacus strigosus the origin of the mandibles form an extension of a lateral 
head sclerite, with the labrum-epipharynx between them. In Panorpa the mouth 
structures are much shorter, set on an immensely elongated stipes, and at the tip of 
the frontal extension of the head we again have the mandibles, much reduced, with a 
small, lappet-like labrum-epipharynx between them. Now the situation of the rudi- 
ments in Szmulium corresponds almost exactly with that of the undoubted mandibles 
in Panorpa rufescens (Pl. III, Fig. 4°); but in the Hmpide we find a yet more closely 
allied structure. I have already called attention to the peculiar elongation of the front 
of the head in this family, and now if we examine this at tip, in Hmpts spectabilis 
(Pl. II, Fig. 13°) its very close resemblance to Panorpa is ‘at once evident. We find 
a central lappet-like structure with a sensitive surface, which looks like and logically 
should be the epipharynx, and moving below it is a pair of appendages which, in my 
opinion, represent mandibles. They are membranous and probably not functional; but 
this is no argument against their character. I believe that the similarity in the appear- 
ance between Pl. IIT, Fig. 4°, and Pl. I, Fig. 15%, is the expression of a true homol- 
ogy, and that mandibles in the Diptera exist in no other form or situation. It is likely 
that other species, showing them much more perfectly, will yet be discovered ; but so 
indeed do I believe that labial palpi, properly connected with the mentum, will yet be 
found, so distinct in character that, even if not functional, their homology cannot be 
mistaken. 

Labrum and epipharynx have been frequently referred to in the course of this 
paper, and in the introduction the general relation of these two parts has been ex- 
plained. Both structures occur in many families of the Diptera. As in the case of 
the hypopharynx, the epipharynx has always connected with it a salivary duct. In its 
intimate connection with the labrum it is shown on PI. I, Fig. 10’, illustrating the 
epipharynx of ZLbellula. Here the chitinous tube giving passage to the duct is fully 
shown. As an example of a highly developed structure, the epipharynx of Copris 
carolina is shown (Pl. I, Fig. 4), and here the salivary duct opens among the dense 
central mass of spinous processes. The epipharynx of Polistes was referred to in the 
description of the labium, as was that of Andrena in the connection. In the Hemip- 
tera the labrum and epipharynx are usually well developed and the salivary duct is in 
many cases very well marked. 

Among the Diptera some of the larger Syrphide have the labrum quite distinct, 
and on the under surface is a sensitive surface into which an obvious duct, with chit- 
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inous protecting margins, is led, as shown on Pl. III, Fig. 10. A much better devel- 
oped organ, strongly resembling that in some of the Hemiptera, we find in the Asdlde 
(Pl. III, Fig. 1”), and here also the salivary duct is obvious. The structure in Simu- 
lium has been already referred to, as has that in the Hmpide. 

To recapitulate concerning the maxillee: The sclerites form three series, each of 
which has its own possibilities of development. The lacinia never develope into any- 
thing other than a chewing or piercing organ and always arises inside of the galea. 
The galea varies in the direction of forming an enveloping organ for all the other 
mouth parts, and the subgalea eventually unites along one margin for that purpose. 
There is a tendency to develop a ridged membrane on the inner surface of the galear 
joints which culminates in the pseudotrachea of the muscid labella. The palpifer has 
a small range of development, from an unjointed, flexible, tactile organ, to a rigid, 
piercing structure; and as this becomes useless, to a process for the attachment of 
muscles used to flex the proboscis. 

It remains only to acknowledge the assistance received from my entomological 
friends. Dr. 5S. W. Williston has from time to time sent me such specimens as I 
thought might help me; Mr. C. W. Johnson has given me numerous species of fami- 
lies selected because of apparent differences in the mouth structure; and to Mr. J. M. 
Aldrich I owe many other species in some numbers, among them the Simuliid already 
referred to. Mr. EH. P. Fell kindly sent me specimens of Panorpa and Buttacus, which 
enabled me to make a much more complete study of these insects than would have 
been otherwise possible. ‘To all these gentlemen, as well as to the others who have in 
any wise aided me, I desire to express my thanks. 

Concerning the figures—most of them are camera lucida drawings. A few are 
drawn from micro-photographs, assisted by the specimens themselves. The figures 
of transections are largely made from actual preparations; some are redrawn from 
other sources, while a few are ideal. 
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The lettering of the parts, the same throughout, and the abbreviations, are as follows: Zbr, labrum; epi, 
epipharynx (the two sometimes combined as lbr-epi) ; md, mandible; car, cardo; st, stipes; pfr, palpifer; mp, 
maxillary palpus; gal, galea; sg, subgalea; lac, lacinia; dig, digitus; sm, submentum; m, mentum; gl, ligula or 


glossa ; par, paraglossa ; Ip, labial palpi; hyp, hypopharynx. 
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Plate J. 


Buffalo gnat. 14, galear structures with palpi attached ; 1%, labial structures’; 1¢, lacinia and palpifer of 


Simulium from Aldrich ; 14, labrum and labium of Simulium from Aldrich; 1¢, transverse section through 


middle of mouth of Buffalo gnat. 


Simulium from Anglesea, N. J. 2¢, the maxillary structures in their actual relation to each other ; 22, 


transverse section of mouth parts toward the base of subgalea. 


Mouth parts of Hristalis tenax. 34, transverse section of same at the middle of subgalea. 


Copris carolina, epipharynx. 

Mouth structures of Tipula sp.; 54, the chitinous parts of the same. 
Copris carolina ; labial structures dissected out and seen from side. 
Copris carolina ; chitinous part of under side of head. 

Copris carolina ; mandible with the sclerites named and homologized. 
Andrena vicina ; labial structures, with part of epipharynx attached. 
Libellula sp. a, the epipharynx ; b, the hypopharynx. 

Stomouys caleitrans ; transverse section through the middle of the ligula. 
Mouth parts of Huparyphus bellus. 


Plate 21. 


Maxillary structure of Zeptis sp. 
Palpifer of Stratiomyia. 
Palpifer of Hulonchus tristis. 
Palpifer of Hmpis spectabilis. 
Palpifer of Spharophorta cylindrica. 
Palpifer of Bombylius. 
Palpifer of Anthraz. 
Palpifer of Chrysops vittatus. 
Palpifer of Stmulium. 
Palpifer of Lucillia. 
Palpifer of Calliphora. 
Palpifer of Stomoxys. 

Figs. 10 to 12 inclusive were accidentally reversed in making up the plate. 


Mouth parts of Hmpis spectadilis. 134, elongated head structure at tip, showing mandibles and epipharynx 


13), transverse section at middle of subgalea. 


, 


Mouth parts of Ohrysops vittatus showing maxillary structures attached together. 144, the lacinia ; 149, pal- 


pifer and palpus ; 14¢, transverse section at middle of galea. 
Labial structures of Xenoglossa pruinosa. a, transverse section at about middle, 
Labial structures of Pertiplaneta orientalis. 
Maxillary structures of Hermetia mucens. 


with epipharynx attached ; 18¢, maxilla. 
Maxilla of Olfersia. 194, seen from front; 190, seen from behind or below. 


.. Mouth structures of Polistes metricus. 184, ligula, paraglossa and mouth opening ; 18, Jabium as a whole, 
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Mouth structures of Asilide—Laphria sp. a, maxilla from front ; 6, same from behind ; ¢, labium ; d, lab- 
rum ; é, transverse section of mouth at junction of galea and subgalea. 

Mouth structures of Ramphomyta longicauda. a, the labium ; b, maxilla; c, extension of front of head ; 
d, relation of this extension to the labium. 

Galea of an Andrena allied to vicina. 

Mouth parts of Bittacus strigosus. a, mandibles and labrum; 0, maxilla and labium; ¢, mandibles and 
labrum—epipharynx of Panorpa rufescens. 

Labial structures of Hristalis tenax. 54, transverse section at about middle ; 52, same at about tip. 

Labial structure of Bombus sp. 64, transection at about middle ; 6, same made near tip. 

Labium of Harpalus calignosus. 

Maxilla of Pertplaneta orientalis. 

Maxilla of Perlid larva. 

Epipharynx of Hristalis tenaa. 

Mouth parts of Bibiosp. a, maxilla from behind ; 6, same in front ; c, transection made near the base. 

Labium of Bombus fervidus ; the transections are lined to the portions referred to. 

Labium of Chrysops vittatus ; the transections are lined to the parts referred to. 

Labium of Hermetia mucens. 

Maxille and labium of Bombus, showing the relation of the parts to each other. 

Maxilla of Stalis. 

Maxilla of Hydrophilus from upper and Jower surface, redrawn from Comstock. 

Maxilla and labium of Pteromalus, redrawn from Ashmead. 

Maxilla of Pronuba, male. 

Maxilla of Nemognatha. 

Maxilla of Pronuba, female. 

Mouth parts of Locusta from Kolbe. 7, labrum ; 7, mandibles ; 7iz, maxille ; 7, labium. 
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SOME EXPERIMENTS WITH THE SALIVA OF THE GILA MONSTER 
(HELODERMA SUSPECTUM). 


BY JOHN VAN DENBURGH, Pux.D., 
CURATOR DEPARTMENT OF HERPETOLOGY, CALIFORNIA ACADEMY OF SCIENCES. 


Read before the American Philosophical Society, September 38, 1897. 


PIN TRODUCTION. 


When, in 1651, Franciscus Hernandez published his Historie animalium et minera- 
lium Nove Hispanie he gaye to Europe the first account of a curious reptile native to 
those far-western lands which the Spaniards had won beyond the sea. This was a large 
lizard, said to grow three feet long, thick-set, heavy-jawed, protected by an armor of 
wart-like bony plates, gaudily colored in orange and black—withal so repulsive that 
Wiegmann, nearly two hundred years later, christened it Heloderma horridum. 

For many years, this name was applied to these lizards wherever found, but in 1869 
Prof. Cope discovered that those which had been caught within the borders of the United 
States and Sonora differ in many details from their more southern relatives. He named 
the smaller, northern species Heloderma suspectum. It is this species which, because 
of its former abundance near the Gila river, in Arizona, has become popularly known 
under the name Gila Monster. 

The Indians and Mexicans claimed for these lizards power to inflict a bite even 
more deadly than that of the rattlesnake, but, since they claimed like powers for other 
reptiles known to*be quite innocent of venom, their evidence was of little value. It 
received some confirmation, however, when the herpetologists of Europe found that the 
teeth of the Heloderma bear grooves similar to those which in some poisonous snakes 
serve to introduce venom into the wound. Since this was discovered the question of the 
poisonous nature of the bite of the Gila Monster has attraeted considerable attention and 
many opinions have been published. ‘ 

A. P. 8.— VOL. XIX. Z. 
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In 1857, Dr. J. E. Gray, of the British Museum, wrote: 

‘¢ This lizard is said to be noxious, but the fact has not been distinctly proved.”’ 

Seven years after this there appeared a popular account of the habits of the Mexican 
species (ZZ. horridum), in which M. Sumichrast, after dwelling at some length upon the 
general habits of the animal, wrote : 

‘< In support of this pretended malignity, I have been told of a great number of cases in which ill effects 
were produced by the bite of the animal, or by eating its flesh in mistake for that of the Iguana. I 
wished to make some conclusive experiments on this point; but, unfortunately, all the specimens which I 
could procure during my stay in the countries inhabited by it were so much injured that it was impossible to 
do so. Without giving the least credit to the statements of the natives, Iam not absolutely disinclined to 
believe that the viscous saliva which flows from the mouth of the animal in moments of excitement may 
be endowed with such acridity that, when introduced into the system, it might occasion inconveniences, the 


gravity of which, no doubt, has been exaggerated.”’ 
Prof. Cope, in 1869, stated : 
‘« That though the lizards of this genus could not be proven to inflict a poisonous bite, yet that the sali- 


vary glands of the lower jaw were emptied by an efferent duct which issued at the basis of each tooth, and 


in such a way that the saliva would be conveyed into the wound by the deep groove of the crown.” 

Six years later Dr. Yarrow said: 

‘« Tt is believed to be very poisonous, but such is not the case; for, although it will bite fiercely when 
irritated, the wound is neither painful nor dangerous. . . . . The Pueblo Indians of this place said they 


were quite common, and were regarded by the Mexicans as poisonous; the poison being communicated by 


the breath as well as by the teeth. This has no foundation in fact.’’ 


The same year, M. Bocourt published some notes which he had received from M. 
Sumichrast, who, haying finally been able to make a few experiments, concludes : 

“* Quoique ces exp¢riences soient insuffisantes pour prouver que Ja morsure de |’ Héloderme est véritable- 
ment venimeuse, elles me paraissent assez concluantes pour faire admettre qu’elle ne laisse pas de causer 
de trés-rapides et profonds désordres dans |’ économie des animaux qui en sont ]’objet. . . . . 

‘* Je ne doute pas que des expériences, faites avec des individus adultes et nouvellement pris, ne pro- 
duisent des effets beaucoup plus terribles que ceux qu’ont pu occasionner la morgure d’un individu jeune et 


affaibli par une captivité de prés de trois semaines.’’ 


In 1882, several opinions were published on each side of the question. A Helo- 
derma, which had been received at the Zodlogical Gardens in London, bit some small 
animals, and because these died several English writers—as Giinther, Boulenger, and 
Fayrer—concluded that the Monster was poisonous, while some American authors have 
thought that death in these cases might have resulted from the mechanical injuries 
received. The American Naturalist noted that “ Dr. Irwin, U. 8. A., experimented with 
the HZ. suspectum in Arizona, fifteen years ago, and concluded that it was harmless.” 


SALIVA OF THE GILA MONSTER. 201 


Dr. R. W. Shufeldt had a personal encounter with an active Gila Monster, of which he 
wrote : 


‘On the 18th inst., in the company of Prof. Gill of the [Smithsonian] Institution, I examined for the 
first time Dr. Burr’s specimen, then in a cage in the herpetological room. It was in capital health, and at 
fist I handled it with great care, holding it in my left hand examining special parts with my right. At 
the close of this examination I was about to return the fellow to his temporary quarters, when my left 
hand slipped slightly, and the now highly indignant and irritated Heloderma made a dart forward and 
seized my right thumb in his mouth, inflicting a severe lacerated wound, sinking the teeth in his upper 
maxilla to the very bone. He loosed his hold immediately and I replaced him in his cage, with far greater 
haste, perhaps, than I removed him from it. 

‘* By suction with my mouth, I drew not a little blood from the wound, but the bleeding soon ceased 
entirely, to be followed in a few moments by very severe shooting pains up my arm and down the corre- 
sponding side. The severity of these pains was so unexpected that, added to the nervous shock already 
experienced, no doubt, and a rapid swelling of the parts that now set in, caused me to become so faint as 
to fall, and Dr. Gill’s study was reached with no little difficulty. The action of the skin was greatly 
increased and the perspiration flowed profusely. A small quantity of whiskey was administered. This is 
about a fair statement of the immediate symptoms; the same night the pain allowed of no rest, although the 
hand was kept in ice and laudanum, but the swelling was confined to this member alone, not passing 
beyond the wrist. Next morning this was considerably reduced, and further reduction was assisted by the 
use of a lead-water wash. | 

“ In a few days the wound healed kindly, and in all probability will leave no scar; all other symp- 
toms subsided without treatment, beyond the wearing for about forty-eight hours so much of a kid glove as 
eovered the parts involved. 

. . * Taking everything into consideration, we must believe the bite of Heloderma suspectum to 
be a harmless one beyond the ordinary symptoms that usually follow the bite of any irritated animal. I 
have seen, as perhaps all surgeons have, the most serious consequences follow the bite inflicted by an 
angry man, and several years ago the writer had his hand confined in a sling for many weeks from such a 
wound administered by the teeth of a common cat, the even tenor of whose life had been suddenly 
interrupted.’’ 


Only a few months had passed after the publication of Dr. Shufeldt’s article when 
there appeared an account of the first carefully conducted series of experiments with the 
saliva of the Heloderma. This was by Drs. 8. Weir Mitchell and Edward T. Reichert, 
who conclude that: 


‘« The poison of Heloderma causes no local injury. 

«¢ That it arrests the heart in diastole, and that the organ afterwards contracts slowly—possibly in 
rapid rigor mortis. 

‘That the cardiac muscle loses its irritability to stimuli at the time it ceases to beat. : 

“¢That the other muscles and the nerves respond readily to irritants. 

“« That the spinal cord has its power annihilated abruptly, and refuses to respond to the most powerful 


electrical currents. 
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‘¢ This interesting and virulent heart poison contrasts strongly with the venoms of serpents, since 
they give rise to local hemorrhages, and cause death chiefly through failure of the respiration, and not 
by the heart, unless given in overwhelming doses.”’ 

For a time, it seemed that the experiments of Mitchell and Reichert had answered 
the question of the poisonous power of the Heloderma once and for all. But five years 
later, Dr. Yarrow, then Honorary Curator of the Department of Reptiles in the United 
States National Museum, performed some equally careful experiments upon rabbits and 
chickens. These, he says, 

‘‘ Would seem to show that a large amount of the Heloderma saliva can be inserted into the tissues 
without producing any harm, and it is still a mystery to the writer how Drs. Mitchell and Reichert and 
himself obtained entirely different results. Were it not for the well-known accuracy and carefulness of 
Dr. Mitchell, it might be supposed possibly that the hypodermic syringe used in his experiments contained 
a certain amount of Crotalus, or cobra venom, but under the circumstances such a hypothesis is entirely 


untenable.’’ 


Notwithstanding Yarrow’s results, Dr. Mitchell still held his original opinion in 
1889. 

The following year, Prof. Samuel Garman, of the Museum of Comparative Zodlogy 
of Harvard University, published an account of experiments in which he caused an 
active Gila Monster to bite the shaved legs of kittens without serious effect. He con- 
cludes that 

‘‘ The results of the experiments suggest danger for smal] animals, but little or none for larger ones. 
Large angle worms and insects seemed to die much more quickly when bitten than when cut to pieces with 
the scissors,”’ 

Thus while in England the Heloderma was unanimously held to be venomous, Dr. 
Shufeldt, in 1891, summarized American opinion as follows: 

‘* Here in America the evidence would seem to be rapidly leading to the demonstration of the now 
entertained theory that the saliva of this heretofore much-dreaded reptile is possibly entirely innocuous. ’’ 

‘‘ Thus the matter seems to stand at the present time—perhaps the vast majority of physicians who 
followed Drs. Mitchell and Reichert in their experiments fully believe to-day that the bite of a ‘ Gila 
Monster’ will very often prove fatal even in the case of man; while, on the other hand, naturalists 


almost universally believe that the saliva of this saurian is hardly at all venomous, and then only under 
certain conditions. ’’ 


Il THE MOUTH FLUIDS. 


In the winter of 1896-97 I began a series of experiments with the saliva of the Gila 
Monster, the results of which are given in the subsequent pages. My object was to 
answer the following questions : 


(a) Is the bite of the Gila Monster poisonous ? 
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(b) If poison is present what are its physiological effects ? 

(c) What are the causes of such diversity of opinion ? | 

My Heloderma was the sole survivor of eight or ten brought from Arizona in 
1892 and, although seemingly fat and healthy, was not very active. It was of moderate 
size, being about eighteen inches long. The amount of saliva obtainable from it was so 
small that it could be gathered satisfactorily only by causing the reptile to bite absorbent 
paper wrapped around a piece of soft rubber and afterwards dissolving out the saliva in 
water. or this purpose filter paper was used. 

It would not do to let the Monster bite the pigeons, because if this were done and 
the pigeons died the skeptics might justly claim that death was due to the mechanical 
injury inflicted by the powerful jaws, with their long, curved fangs, rather than to any 
poison haying been inserted. Even when the Heloderma’s saliva solution was injected 
hypodermically and death could not have been occasioned by the severity of a wound 
there might be some doubt as to the effect of a quantity of water suddenly placed under 
the skin, or 1t might be claimed that some substance was present in the water or the paper 
used quite poisonous enough to cause a pigeon’s death irrespective of any venom from the 
Monster. So samples of all the materials used had to be subjected to careful tests to 
show that they were harmless.* 

Mvcvws. 

A greater or less quantity of thick mucus is present in the back part of the mouth of 
the Gila Monster. Some of this often adheres to the filter paper in stringy masses. It 
is entirely without poisonous properties and need not be mentioned again. 


THe Porsonous Sariva. 

The water solution of saliva when extracted from the paper is a slightly yellow- 
ish or opalescent liquid, often more or less stained with blood owing to injury to the 
gums. It is faintly alkaline, and ordinarily possesses a pungent and highly characteristic 
though not unpleasant odor. This odor becomes less and less noticeable when the Monster 
is caused to bite every day, but its strength seems to be no indication of the lethal power 
of the saliva. That the solution of saliva thus obtained contains a very powerful poison 
is shown in the following experiments : 


Exetriment I.—Novy. 11, 1896. The Heloderma was caused to bite on paper three times. The 


*TIn order to test my materials, and some other things as well, the following preliminary experiments were 
performed, the first repeatedly : 

EXxPERIMENT.—A sample of filter paper was soaked in water, which was then injected subcutaneously in 
front of the wing ofa pigeon. During two hours there was no effect, and the next day the bird was still well. 

EXPERIMENT.—Mixed human saliva with an equal quantity of water and injected about twenty minims in 
wing of pigeon at 12.01 P.M, No effect. Next day well. 

EXPERIMENT.—Mixed blood of horned toad (Phrynosoma frontale Van D.) with water and injected wing of 
pigeon, No effect, 
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water solution—about twelve minims—was then injected subcutaneously in front of the shoulder of a pigeon 
at 3.18 P.M. In three minutes the pigeon was no longer able to stand, and fell over on its side with eyes 
closed. At the end of the tenth minute the bird was unable to hold up its head when raised by its wings. 
During the eleventh minute respiration was in gasps, and at the end of the eleventh minute the pigeon 


was dead. [No local effects; heart beating regularly. | 


EXPERIMENT II.—Nov. 12, 1896. Monster was caused to bite seven times during about as many 
minutes. Saliva then dissolved in about seventy minims of water, of which ten minims were injected 
under the skin in front of right shoulder of pigeon, at 11.24 A.M. 

11.28. Pigeon barely able to walk. 

11.29. Not able to walk. 

11.30. Cannot stand; lies on side; eyes closed. 

11.31. Head nods; respiration is forced. 

11.32. Muscular straining; head drawn back between shoulders. 

11.33-38. Respiration greatly forced; bill opens and shuts with each breath. 

11.39. Violent contractions of caudal muscles. 

11.40. Violent contractions of head and wings. 

11.40}. Head falls forward onto table. 

11.403. Death. 

No local effects; ventricles empty, auricles full of clots; blood almost black. 


If these experiments leave any room to doubt that the bite of the Gila Monster is 
poisonous it is entirely removed by the results of a large number of experiments which I 
afterwards performed and in which death followed the injection of Heloderma saliya quite 
as certainly and almost as quickly as when rattlesnake yenom is used. 

It now became of interest to learn whether this powerful poison i is affected by boiling 
or decay, or the presence of alcohol, ete. 

The Ejfect of Boiling—Two experiments were performed which show that the 
poisonous properties of the saliva are not injured by boiling. The solution becomes 
opalescent and, if boiling be prolonged, loses its odor or gives off one similar to that of 
boiled barley. 

Experiment IIT.—Noy. 12, 1896. The Heloderma was caused to bite seven times during about as 
many minutes. Saliva then dissolved in about seventy minims of water. Ten minims of this solution, 
having been boiled a few seconds, were injected under the skin of the right shoulder of a pigeon, at 
2.21 P.M. The temperature of the pigeon before injection was 104° F. 


2.22. Sits down, but is able to stand when frightened. 
2.26. Sits down. 
2.27. Sits down immediately after being caused to stand, seems dizzy. 
2.29. Lies on side; temperature 100°. 
. 2.34. Cannot stand; temperature 98°. 
2.36. Violent respiration; temperature 96°. 
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2.38. Violent respiration; temperature 98°. 

2.39. Violent respiration ; temperature 100°. 

2.424. Violent respiration; temperature 1014°. 

2.45. Violent respiration; temperature 100°. 

2.48. Respirations about 108 per minute; temperature 99°. 

2.50. Temperature 100°. 

2.53. Respiration more labored; temperature 99°. 

2.54. Temperature 98°. 

2.55. ‘lemperature 97°. 

2.56-57. Temperature 93°; respiration short and forced, 39 per minute. 
2.58. Wheezing; vomits. 

2.584. No motion except quivering of wings; temperature 90°. 

2.59. Wings and tail flapped twice. 

3.00. Dead. 

No local effect; small clot of blood in base of right Jung; ventricles full of black clots; auricles 


beating; arteries empty; veins dilated with blood. 


This experiment would seem to show that the action of the poison is slightly delayed 


by boiling. Experiment IV shows that such is not the case. 


Experiment IV.—Nov. 14, 1896. Ten minims of the solution used in experiments IH and III 
were boiled about five minutes on Nov. 12, and again Nov. 13 and 14, and then were injected under the 
skin of a pigeon’s wing at 3.30 P.M. 

5.34. Respirations 32 per minute. 

3.37. Staggers about with peculiar circular motion. 

3.39-40. Respirations 48, becoming constantly more forced, so that at end of minute tail moves up 
and down. 

3.42. Cannot stand. 

3.44-45. Respirations 49. 

3.46. Falls on side. 

3.47. Head nods; pupil seems slightly dilated. 

3.52. Respirations 47, irregular. 

3.53. Bill begins to open and shut. 

3.54. Convulsive action of wings and head, head drawn under to breast. 

3.55, Death. 


The Effect of Decay.—When a solution of saliva is allowed to stand for a few days 
it soon begins to decay, and this process continues until a strong odor of putrescence is 
given off and a muddy sediment appears at the bottom of the liquid. After this had 
occurred, very large doses of the solution were injected into pigeons without producing the 
slightest ill-effect. Decay, then, appears to destroy the lethal power of the saliva, but 
my experiments are not absolutely conclusive because the solution was not tested while 
fresh. 
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EXPERIMENT V.—Saliva of several bites was collected, November 14, and dissolved in about ten 
minims of water per bite. November 16 there was a marked odor of decay. November 23 the odor of 
putrescence was very strong and the liquid appeared muddy with a slight sediment. At 2.31 P.M., ten 
minims were injected under the skin in axilla of pigeon whose temperature at 2.29 (when frightened ) 
was 106°. 

2.35-36. Respirations 33. 

2.40. Temperature 105°. 

2.44-45. Respirations 32. 

3.09. Temperature 104°. 

3.10-11. Respirations 32. 

3,28-29. Respirations 32. 

3.31. Temperature 104°. Repeated injection. 

3.33-34, Respirations 34. 

3.55-56. Respirations 32. 

4,21-22. Respirations 33. 

November 24, etc. Still perfectly well. 

Experiment VI.—December 1, 1896. Injected forty minims of solution used in experiment V 
under skin of legs and wing of pigeon at 12.45 P.M. 

4.30. Still no effect. 

December 2. Well. 


The Effect of Drying.—That drying does not affect the power of the venom was 
shown by the following experiment, although the dose was too small to cause death. 


EXPERIMENT .VII.—December 1, 1896. A small quantity of the solution used in experiments II, 


III and IV, having been dried, was redissolved in water and injected subcutaneously in a pigeon at 
3.40 P.M. 


4.10. Respiration slightly forced. 

4.30. Cannot walk well. 

4.45. Very ‘‘ tame;’’ respiration forced. 
December 2. Pigeon recovered. 


The Effect of Alcohol—When alcohol is added to a water solution of saliva, the solu- 
tion becomes opalescent, as when boiled. This change in color is probably due to the 
formation of a finely divided albuminous coagulate. It is not removed by filtration 
through paper. Alcohol does not influence the action of the yenom. 


Expertment VIII.—About twenty minims of the solution used in experiments II, III, IV and VII 
was mixed with an equal quantity of ninety-five per cent. alcohol, November 14. About half of this had 
evaporated when ten minims of the remainder were mixed with ten of water and thrown down the throat 
of a pigeon at 11.25 A.M., November 18. 

11.46. Seems well. 

2.15 P.M. No effect. 
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2.26. Injected the other ten minims in left axilla. 
2.29. Shows uneasiness of left wing and cannot always control it. 
2.294. Sits; cannot walk. 

2.30. Pupils contracted; cannot stand. 

2.31. Lies on side; respiration convulsive. 

2.32. Respiration still more labored. 

2.33. Seems unable to feel pinching of legs. 
2.37. Rate of breathing very greatly increased. 
2.38-39. Respirations 62. 

2.40-41. Respirations 84. 

2.43-44, Respirations 64. 

2.45—-46. Respirations 53, 

2.46-47. No respiration; convulsions. 

2.48. Death. 


Auricles beating; ventricles still; blood black, clotted; auricles and veins full; ventricles and arteries 


empty; slight extravasation in coat of small intestine near head of pancreas; no local effect. 


Ninety-five per cent. alcohol when added to undiluted saliva does not injure its 
poisonous properties, nor does the alcohol act as a solvent of the venom, although its 


solubility in water is unaffected. 


Exprertmmenr IX.—November 238, 1896. 

a. Filter paper containing saliva was washed in about one ounce of alcohol for about twenty hours. 
The alcohol was then poured into an open dish. As soon as evaporation began a thin white scum 
appeared on the surface of the alcohol, but did not increase much as evaporation proceeded to dryness. This 
scum was not soluble in water, even after the addition of salt (NaCl). Placed under the skin of a pigeon, 
it produced no effect. 

b. The aleohol-washed paper was soaked during a few minutes in sixty minims of water. Twenty 
minims of this water were injected under the skin of each wing of a pigeon at 3.25 P.M., November 24. 
Half an hour later twenty minims were injected into the left leg. 

4.07. Pigeon sits down. 

4,12-13. Respirations 45. 

4.15-21. Stands on right leg only. 

4,22-23. Respirations 54. 

4,23-24. Respirations 49. 

4,25. Temperature stil] normal, 102° 

4.35. Temperature 99°. 

4.39-40. Respirations 48. 

4,42. Temperature 98°. 

4,44-46. Respirations 35 per minute. 

4.47, Temperature 96°. Slides along on breast when trying to walk. 

4,47-48. Respirations 44, very weak. 
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4,52, Temperature 96°. 

4.53-54. Respirations 44. 

4.56-57. Respirations 31. 

4.58. Temperature 96°. 

5.00-01. Respiration, wheezing pants. 
5.01-02. Respirations, wheezing pants, 21. 


5.02. Temperature 96°. Death without struggles. 


The Ejfect of Glycerine.-—Glycerine seems to dissolve the poison and to partly destroy 
its effectiveness, though this seeming injury may be due to the slowness with which the 
glycerine is absorbed, preventing the poison from reaching the circulation rapidly enough 
to result fatally. 


EXPERIMENT X,—Paper containing saliva of four bites was placed in about forty minims of glycerine 
and left for some hours. The glycerine, having been extracted, was injected in the breast muscles of a 
pigeon at 12.10 P.M., December 4, 1896. 

1.00. Still no effect. 

5.15. Still no effect. 

December 5. Well, but with yellowish-white swelling on breast. 

December 17. Well, but breast muscles sloughing. Used in experiment XII. 


EXPERIMENT XI.—December 4, 1896. Since it was quite possible that the poison had not been 
dissolved by the glycerine, the paper used in the last experiment was well washed in alcohol to remove 
glycerine, and then, after the alcohol had been removed by pressure and evaporation, was placed in water 
(thirty minims). This water was injected into a pigeon at 3.15 P.M. 

3.30. No signs of poison. 

5.15. No effect yet. 

December 5. Well. 

December 8. Well. 


Exprrtment XU.—December 17. Saliva of the lower jaw from about three bites was collected 
and divided into two parts, one slightly larger than the other. The larger part was then soaked in glycerine, 
a little more than one-half of which was afterward injected in leg of pigeon used in experiment X. 

. #85 P.M. Injected subcutaneously. 


5.30, Seems slightly drowsy ; otherwise well. 
December 18. Found dead.* 


ExpEermMENT XIII.—December 17, 1896. To test the power of the saliva used in experiment XII 
the smaller portion of the saliva-soaked paper was placed in a small quantity of water, and one-half of 
the resulting solution injected in the breast muscles of a pigeon, December 18. 

4.07. Injected. 

4.30. Bird sitting; staggers when raised. 


* Death may have been due to the rather extensive sloughing of the pectoral muscles, but that this was the 
case does not seem probable. 
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4.31-32. Respiration still normal, 7. ¢., 35. 

4.35. Can still stand. 

4,36-37. Respirations 30. 

4.39-40. Respirations 31. 

4.46-47. Respirations 29; sits with eyes closed. 

4.53. Does not notice loud noises, as stamping on floor; cannot stand. 
4.55-56. Respirations 31. 

4.58. Head moves from side to side, slightly. 

4,59-5.00. Respirations 30. 

5.03—-04. Respirations 34, slightly forced. 

5.09-10. Respirations 34, slightly forced. 

5.13-14. Respirations 43, a little more forced; head nodding. 
5.15-16. Respirations 36, nearly normal: 

5.18-19. Respirations 32, slightly forced. 

.21-22. Respirations 50, much forced. 

5.23-24. Respirations 32, convulsive. 


YS 


Or 


1 


5.24-25, Respirations 23, convulsive. 

5.254. Raises tail and flaps wings. 

5.26-27. Respirations 13, weak. 

5.28. Heart still beating strongly and regularly. 

5.30. Death. 

Heart irritable and nerves of pectoral muscles, etc., likewise; blood very dark, semi-liquid, coagu- 


lating quickly; no local effects. 


THE Harmurss SALIVA. 


There is, then, in the saliva of the Gila Monster a very powerful poison which may 
be subjected to very rough treatment without impairing its lethal vigor. This poison is 
present in the saliva of one yaw only. If, when collecting the mouth fluids, the rubber be 
properly placed between two layers of paper, the saliva from each jaw may be readily 
obtained unmixed with that of the other. When thus obtained and dissolved in water, 
the saliva of the upper jaw is a yellowish liquid, usually more or less tinted with blood, 
slightly alkaline, without any odor, and absolutely harmless at the very time when the 
lower jaw is flooded with deadly venom. The quantity of saliva which may be collected 
from the upper jaw at any one time is only a little less than is obtainable from the lower ; 
but in one ease all of the saliva from the upper jaw was injected into a pigeon without 
causing the slightest ill effect, while one-fifth of that obtained at the same time from the 
lower jaw caused death in fifty-two minutes. 

The following experiments are quite numerous enough ‘to show beyond doubt the 


difference in effect between the two kinds of saliva. 
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ExprRIMENT XIV.—November 24, 1896. Saliva of upper jaw from four bites was dissolved in 
water one-half of which (ten minims) was injected into a pigeon at 11.40 A.M. 

3.08. Still no effect; repeated injection. 

5.40. Still no effect. 

November 25. Well. 

EXPERIMENT X V.—November 24, 1896. Same as last experiment, but with saliva of lower jaw in 
another pigeon. 

12.15 P.M. Temperature 104°. 

12.17. Injected. 

12,.20-21. Respirations 31. 

12.27-28. Respirations 31. 

12.35. Temperature 100°. 

12.36-37. Very ‘‘ tame.’’ Respirations 38. 

12.38. Sways backward and forward. 

12.39-40. Respirations 52. 

12.42. Temperature 98°. 

12.47-48. Respirations 30. 

12.50. Very drowsy. Temperature 97°. 

12.54-55. Respirations 34, irregular. 

1.03-04. Respirations 28, labored. 

1.06. Temperature 95°. Can still stagger when placed on feet. 

1.09-10. Respirations 38, very irregular. 

1.11. Temperature 96°. 

1.16. Temperature 95°. 

1.17-18. Respirations 42, greatly labored. 

1.28. Temperature 95°. 

1.2425. Respirations 46, bill opening and shutting. Can still walk slowly. 

1.28-29. Respirations 55. 

1.30. Temperature 96°. 

1.33-84. Respirations 52. Can barely walk. 

1.36. Temperature 96°. 

1.37. Cannot walk. 

1.37-38. Respirations 54. 

1.46. Temperature 94°. 

1.47-48. Respirations 49, head nods. 

1.53. Temperature 94°. 

1.54. No respiration. 

1.55. Temperature 93°. 

1.56. Death with convulsions. 

Experiment XVI.—November 25, 1896. At 2.15 P.M., injected a pigeon with all of solution of 


saliva of upper jaw from four bites. 
2.30. Still no effect. 


from 


veins; arteries and ventricles empty; no local effect. 


2.40. Still no effect. 
3.07. Still no effect. 
5.05. Still no effect. 
November 26. Well. 


EXPERIMENT XVIJ.—November 25, 1896. 
same bites as last experiment. 

3.02-03. Respirations 37; temperature 104°. 
5.06. Injected as above stated. 


3.14, Temperature 102°. 
3.23-24. Respirations 38. 


3.27. Very ‘‘ tame,’’ temperature 98°. 


3.28. Cannot stand. 


3.285-294. Respirations 53. 


3.30. Temperature 98°. 
3.32-33, Respirations 45. 
3.33. Temperature 98°. 
3.37. Temperature 98°. 
3.38-39. Respirations 45. 
3.40. Temperature 96°. 
3.40-41. Respirations 45. 
3.51, Temperature 94°. 
3.53-54, Respirations 43. 
3.56. Temperature 94°. 
3.58-59. Respirations 45. 
4.07. Temperature 93°. 
4,15-16. Respirations 51. 
4.21. Temperature 93°. 
4,27-28. Respirations 26. 
4,29. No respiration. 
4.30. Death. 
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Injected one-half of the solution of lower-jaw saliva 


Heart (auricles and ventricles) beating strongly when exposed at 4.31 and until 4.36; blood in 


EXPERIMENT XVIII.—November 28, 1896. 


pigeon, at 11.55. No effect. 


EXPERIMENT XIX.—November 28, 1896. 
bites as last experiment) in pigeon at 12.15 P.M. 


Injected all of solution of saliva from upper jaw, in 


Injected all of solution of saliva from lower jaw (same 


12.19. Tips forward on legs, therefore cannot stand still. 


12.20. Seems dizzy. 
12.20}. Sits.’ 
12.22. Can walk well. 
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12.24. Very ‘‘tame;’’ hardly able to walk. 

12.27. Can stagger with help of wings. 

12.34. Respiration terribly labored, loud, wheezing pants, about 28 per minute. 
12.39. Head drawn far back; still panting. 

12.40. Still panting, but more slowly and weakly, 24 per minute. 

12.41. Struggles, lies on side with head on floor. 

12.42. Respiration practically stops. 

12.421. Dead. 


EXPERIMENT X X.—December 1, 1896. Injected solution of saliva of upper jaw from two bites, at 
12.30 P.M. 

1.30. Pigeon has shown no signs of poisoning. 

3.30. Still no effect. 

4.30. Still no effect. 

5.00. Still no effect. 

December 2. Well. 


EXPERIMENT XXI._ Injected solution of saliva of lower jaw from same two bites (experiment XX) 
at 2.25 P.M., December 1, 1896. 

3.25. Totters; lies down when set on feet. 

4.00. Totters, leaning forward. 

4.10. Can still totter. 

4,20. Cannot rise or stagger, 

4.30. Muscles all tense; bill opens and shuts. 

4.503. Respiration ceases. 
4.31. Death. 


Experiment X XII.—December 2, 1896. All of the solution of saliva of the upper jaw from three 
bites was injected under the skin of the wing of a brown pigeon at 3.05 P.M. without any effect. 


Experiment X XIII.—December 2, 1896. Two-fifths of the solution of lower-jaw saliva from the 
same three bites as last experiment were injected under the skin of wing of a pigeon at 3.15 P.M. 

3.25. No effect yet. 

3.28. Staggers slightly; sits immediately; respiration slightly forced. 

3.32. Respiration very rapid—forced. 

3.36. Respiration very slow but labored. 

3.40. ‘‘ Skates ’’ on breast when trying to walk. 

3.43. Convulsive auivering of wings. 

3.44-45. Convulsive quivering of wings. 

3.45. Lies stretched out on floor; convulsive respiration; wheezing with each breath. 

3.48. No respiration. 

3.484. Death. 
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EXPERIMENT X XIV.—December 2, 1896. Two-fifths of the solution used in the last experiment 
(XXIII) were injected in the breast muscles of a slate-colored pigeon at 3.16 P.M. 

3.25, Barely able to walk. 

3.26. Not able to stand; respiration forced. 

3.28. Lies on side with head drawn back. 

3.34, Respiration very rapid and convulsive, bill opening and shutting; head twisted on side. 

3.39. Respiration ceases. 

3.394. Apparently dead. 

3.40. Heart still beating. 


EXPERIMENT XXV.—December 2, 1896. One-fifth of solution used in experiments XXIII and 
XXIV was injected in a gray pigeon at 3.20 P.M. 

3.25. Respiration deeper. 

3.42-43. Respiration very rapid and shallow, 148 per minute. 

3.51-52. Respirations 167; can still walk, but sits immediately. 

3.58-59. Respirations 168, 

4.02. Cannot stand, 

4.04. Slight trembling. 

4.05-06. Respirations 149. 

4.08. Head drawn back; bill opens and shuts. 

4.09-10. Respirations 62. 

4.10. Slight general contractions of muscles. 

4.114-114. Respirations 4. 

4.114-12. No respiration. 

4,12. Death. 


ExpermMent XX VI.— December 8, 1896. Solution of upper-jaw saliva from one bite injected in 
breast of a gray pigeon at 3.08 P.M without effect. 


Experiment XX VITI.—December 8, 1896. One-half of solution of lower-jaw saliva, same bite as 
experiment XX VI, was injected in breast muscles of a gray pigeon at 3.16 P.M. 

5.26. Pigeon very quiet. 

4.00 Drowsy. 

December 9. Well. 

December 18. Well. 


THE Sources OF SALIVA. 


We have seen that two very different fluids are present in the mouth of the Helo- 


derma; the one—from the lower jaw—capable of cauging profound disorder when intro- 


duced into the circulation of pigeons, the other—from the upper jaw—producing no more 


effect than so much water. What are the sources of these fluids ? 
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In Heloderma suspectum, there are two large glands, one on each side of the anterior 
part of the lower jaw between the skin and the bone. When one of these glands has 
been freed from its outer sheath it is found to be not a single gland but a series of three 
or four glands, each perfectly distinct from the others and emptied by a separate duct. 
These glands increase in size posteriorly, so that the last is very much larger than the 
first. They vary in number because of the occasional union of the first and second 
glands, or the presence, posteriorly, of a small, isolated, ductless portion. Their ducts 
open between the lower lip and gum, as described by Stewart. It is shown later on that 
these are the yenom-producing glands. 

No glands have yet been described as existing in the upper jaw; indeed there seems 
to be no room there for a well-developed gland. Nevertheless, paper which comes in 
contact with the upper jaw during the bite collects almost as much fluid as is obtained 
from the lower jaw. This, however, is true only when the paper is bitten a very few 
times. The saliva of the upper jaw is exhausted much more quickly than that of the 
lower. This fact, taken in connection with the absence of known glands, might lead one 
to suspect that the upper jaw receives its saliva from the lower and holds it in the comph- 
cated folds of its gums. This might perhaps be true if one or more segments of the sub- 
labial glands secreted a harmless fluid, but the following experiments show that all are 
specialized for the production of venom. I believe that the harmless saliva is secreted 
by minute glands which lack of material has preyented me from finding—that it is in 
fact the ordinary buceal liquid of lizards. That it is present in the lower jaw as well as 
in the upper would seem to be shown by the fact that the fluids of both jaws are decidedly 
alkaline, while a solution of the poison gland itself is quite neutral. 

The following experiments were performed to show that each part of the sublabial 
glands is devoted to the production of yenom : 


EXPERIMENT XX VIIT.—January 5, 1897. Soaked the first portion of the right sublabial gland in 
water and injected the resulting solution (three minims) into the breast muscles of a small finch, at 
12.26 P.M. 

12.28. Respiration forced; eyes closed. 

12.29. Respiration greatly forced. 

12.31. Flutters. 

12.314. Convulsions and death. 


12.33, Heart beating weakly; blood dark but lightens quickly. 


EXpERIMENT X XIX.—January 5, 1897. Soaked the second portion of the right sublabial gland in 
water and injected solution (four minims) into breast muscles of a small finch, at 12.00 M. 

12.04. Eye nearly closed; respiration normal. 

12,05. Respiration slightly forced, 
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12.054. Bill begins to open and shut. 

12.07. Respiration greatly labored. 

12.08. Convulsions followed by death. 

12.10. Heart still beating; blood dark, lightens slowly. 


EXPERIMENT XXX. Treated the third portion of right sublabial gland as the first and second were 
treated in experiments X X VIII and X XIX, and injected four minims into a small finch at 11.34 A.M. 

11.55. Wheezes; sitting down; eyes closed; tail moving up and down with each breath. 

11.86. Same, but bill opening and shutting. 

11.37. Does not open eyes when handled. 

11.374. Respiration very short and jerky. 

11.58. Respiration ceases, followed by convulsions and death. 

11.41. Heart still beating, empty; blood dark brown, reddening very slowly. 


EXPERIMENT XX XI.—January 5, 1897. Injected four minims of solution of fourth portion of 
right gland into a small finch, at 11.074 A.M. 

11.084. Unable to stand erect; head drooping. 

11.09. Respiration labored. 

11.093. Respiration greatly labored. 

11.10. Bill opens and shuts. 

11.11. Bird falls on side. 

11.12}. Respiration in gasps. 

11.13. Convulsions and death. 

Heart responds to mechanical stimuli; blood black but becoming red on exposure. 


EXPERIMENT XXXII. _ Injected five minims solution of first portion of left sublabial gland into a 
small finch, at 2.41 P.M. 

2.42. Eyes closed. 

2.45. Respiration labored; bird leaning on side. 

2.46, Almost unconscious; bil] opening and shutting. 

2.47. Convulsions. 

2.474. Death. 


ExpreR(MeNT XXXIII. Injected six minims of water into the breast muscles of a small finch 


without effect. 


lil. THE PHYSIOLOGICAL ACTION OF HELODERMA POISON. 


When a pigeon has received an injection of Gila Monster saliva it at first shows no 
ill effects, and feeds or fights with its fellows as before. Soon, howeyer, it begins to wink 
very frequently, and ceases to show interest in anything about it. It stands thus for a 
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longer or shorter time and then sits down. If now it be frightened into attempting to 
walk, it appears dizzy and staggers about, or, if unable to stand, slides along on its breast. 
If not caused to arise, it never does so of its own accord, but becomes more and more 
drowsy and sits with eyes closed. The rate of respiration now becomes very rapid for a 
time, but soon the breaths are shallower and then gradually fewer and fewer.* The legs 
become more or less paralyzed, but the wings retain their power, although the codrdina- 
tion of their motions sometimes is destroyed. The temperature falls as the respiration 
becomes slower. The bird rolls over on its side. The head is drawn down over the back. 
Respiration becomes nothing more than a series of .wheezing gasps, with each of which 
the bill opens and shuts. The head falls forward to the floor. The pigeon is unconscious. 
Breathing ceases. There may be slight convulsions followed by death, or death may 
come quietly. 

If the pigeon now be opened, it is found that the blood is very dark—often almost 
black instead of red or blue. The heart either is beating or responds readily to mechan- 
ical stimuli. The arteries and usually the ventricles of the heart are empty, while the 
veins and auricles are full of blood which usually is more or less clotted. There is no 
trace of discoloration about the point of injection, nor is the slightest extravasation of 
blood to be found in any of the organs. 

With all these facts in view, it is very evident that death is due to asphyxiation ; to 
the failure of the blood to provide the various tissues of the body with the oxygen neces- 
sary for their welfare. But, although we may say that death is due to asphyxiation, we 
have not really answered our question, for there are several ways in which this failure on 
the part of the blood might be brought about : . 

1. If the poison acted upon the nerye centres which control the movements of respi- 
ration in such a way as to interfere with the action of the lungs, the blood would be 
unable to procure its usual supply of air. We have seen that there is a very decided dis- 
turbance of the respiratory function.; It may, perhaps, be due to direct nerve-poisoning ; 
but I am inclined to believe that it is entirely a secondary phenomenon. 

2. If the poison caused a breaking down of the capillaries of the lungs—such as 
Martin{ claims to have found in certain cases of death from the venom of the Australian 
black snake—the same effect would be produced, but there appears to be no such change. 

3. Ifthe action of the heart became gradually weaker—as Mitchell and Reichert 
have stated of their experiments—the flow of blood would be diminished and the tissues 

*This is normally true, but respiration sometimes stops suddenly, even nearly at the time when it is 
most rapid. 

+ The table upon the opposite page shows the effect upon the number of respirations and the temperature. 


{ Martin, Jour, and Proc, Royal Soc. N. 8. Wales, XXIX, 1895, 146-276. 
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would not receive their normal amount of oxygen. In all my experiments the heart con- 
tinued to beat regularly long after respiration had ceased, so that this cannot have been 
the cause of death. 

4. If the poison acted upon the blood in such a way as to destroy its power to carry 
oxygen—as Cunningham * says is true of cobra yvenom—or, 

5, if the poison caused the formation of clots in the veins, thus stopping the flow 
ot blood—as Martin tells us the venom of the Australian black snake does—in either 
case the effect would be the same as if the action of the lungs were to cease. 

The sudden death of my Gila Monster prevented me from testing these possible 
causes of asphyxiation from its poison, but I shall not be surprised if it be found that in 
one or both of them exists the explanation of the phenomena exhibited. | 

But perhaps I should limit this statement somewhat, for Mitchell and Reichert state 
very positively of their experiments that death was occasioned by the action of the 
poison upon the heart. Here is an apparent contradiction of my results, and by the 
highest American authority upon reptile poisons; but the seeming contradiction disap- 
pears, perhaps, when we recall that Dr. Mitchell’s Gila Monster saliva was less dilute 
than mine, and that it is known of some serpent poisons that “ with higher concentration 
of venom the heart is the more rapidly affected, but the continuous operation of the 


poison in small concentration more quickly affects the respiratory” system. 


IV. SOME CAUSES OF DIVERSITY OF OPINION. 


We have now reached our last question: Why has the bite of the Gila Monster so 
often been considered harmless ? 

Several reasons must, I think, already have suggested themselves. Dr. Shufeldt, it 
will be remembered, was severely bitten on the thumb, and concluded that the bite of the 
Gila Monster is no more poisonous than that of other angry animals; for example, a cat. 
But Dr. Shufeldt expressly states that the wound was made by the upper teeth pene- 
trating to the bone, and we have already seen that the saliva of the upper jaw is harmless 
at all times, the venom being confined to the lower jaw. So it well may be that Dr. 
Shufeldt owes his life to the circumstance that the injury to his thumb was inflicted by 
the upper instead of the lower teeth of the Monster. 

This same fact will account for the experiences of other authors who have thought 
the bite of this reptile harmless, but there are other reasons for the occasional failure of 
the Heloderma to inflict a deadly wound. The teeth, although sharp and long, are very 
weakly fastened to the jaws, and often so many of them have been broken out that the 


* Cunningham, Set. Mem. Med. Officers Army India, 1X, 1895, pp. 1-54. 
+ It would be interesting to know why the teeth of the upper jaw are grooved. 
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Monster is unable to inflict a wound at all. Even if the teeth are in working order the 
chances of the poison finding its way into the wound are very few, for the teeth are not 
directly connected with the poison glands, and the latter are below the fangs instead of 
above as in poisonous snakes. The poison simply flows out onto the gums below the 
teeth, and, to be effective, has to be forced wp into the wound. Unless the flow of saliva 
be abundant and the teeth all present and forced into the bitten flesh so deeply as to 
press it down upon the poison ducts where they open between the lip and the gum, it is 
difficult to see how eyen the smallest quantity of poison could enter the wound, even 
though the teeth are grooyed to afford it a passage. The strange thing, then, is not that 
bitten animals should sometimes survive, but that they should sometimes die. 
Nevertheless, small animals often do die from the bite of this, the only poisonous 
lizard, and we must believe that a yenom which can kill a pigeon in seven minutes and a 
rabbit in less than two might easily-under favorable circumstances cause a wound to 
prove fatal even to man—a belief which is rendered far from improbable by the extra- 
ordinary virulence of the poison and the lizard’s habit of holding like a bulldog to what- 


ever it bites. 
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ASTRONOMER AT THE LOWELL OBSERVATORY, 


Read before the American Philosophical Society, January 7, 1898. 


It is now two hundred and eleven years since Newton published the Principia, 
embodying his grand generalization of the law of gravitation, and the proof of this law 
for the most obvious and fundamental phenomena of the solar system. Geometers have 
since been occupied with the development and extension of the principle discovered by 
the illustrious Newton, and have finally explained with almost entire satisfaction the 
motions and attractions of the planets, satellites, comets, and other bodies which revolve 
about the sun. This great development can hardly fail to excite the admiration of those 
who contemplate the history of scientific progress, and must be accounted one of the most 
noble and enduring monuments of the human mind. So sublime an achievement has 
required the combined labors of a long series of men of transcendent mathematical and 
mechanical genius, each building upon the foundation laid by his predecessors. Though 
many distinguished geometers have borne an honorable part in this remarkable develop- 
ment of Physical Astronomy, it will not be inappropriate to point out the great credit for 
the perfection of the Newtonian theory due to Clairaut and Euler, Lagrange and La- 
place, Gauss and Hansen, Adams and Leverrier. Among living investigators in mathe- 
matical astronomy the names of Hill and Newcomb, Darwin and Poincaré occupy the 
foremost place. These great men have brought the mechanics of the heavens to so high 
a state of perfection that in almost every case we may now predict the heavenly motions 
as accurately as we can observe them. In view of the rapid perfection of telescopes and 
other instruments of precision, this achievement, from the intricacy of the analysis 
required in the problem, and the abstruseness of the methods used in the reduction of 
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observations, must be ranked as incomparably the most profound yet attained in any 
branch of Physical Science. 

Notwithstanding these splendid triumphs of the science of Celestial Mechanics, an 
even greater and more recondite work remains to be done in a closely related field. This 
is the investigation of the origin and cosmical history of the planetary and other systems 
observed in the immensity of space. Even if some credit for pioneer work on this 
problem be assigned to Kant, or, more remote still, to the Greeks of the pre-Socratic age, 
it yet remains true that Laplace is the real discoverer to whom we are indebted for the 
first ideas which proved fruitful for the advancement of science. About a century ago 
this great geometer outlined for the solar system the celebrated Nebular Hypothesis, upon 
which nearly all subsequent investigation has been based, and which has since been sub- 
stantially confirmed, though but very little modified until within the last twenty-five 
years. Passing over as irrelative in the present discussion the early work of Herschel 
and Rosse, Helmholtz and Kelvin, Newcomb and Lane, we come down to the modifica- 
tions introduced by Darwin about 1880. 

In establishing the theory of grayitation, Newton assigned also the true cause of the 
tides of the seas, though his explanation carried with it all the defects of the equilibrium 
theory. More than a century passed before the dynamical character of the problem of 
the oceanic tidal oscillations was clearly perceived, when Laplace developed and applied 
the true theory with all the penetration characteristic of that great mathematician. 
Yet in spite of the profundity which marks his treatment of the tides of the oceans, it 
seems never to have occurred to him, or at least he made no record of the fact, that the 
attraction of the moon necessarily produces tides in the body of, as well as in the aqueous 
layers covering, the earth. We need not be surprised at this omission on the part of 
Laplace and those who followed him, if we recall that for many years after the perfection 
of Analytical Mechanics by D’Alembert and Lagrange, the subject was treated wholly 
from the point of view of material particles, and the resulting system was what is now 
called Rigid Dynamics. Little attention was bestowed upon the theory of fluid motion, 
partly because of its intricacy, and partly because there were no obvious applications of 
the results except in the case of the tides, already treated by Laplace with great penetra- 
tration and extreme generality. As mathematicians since the time of Newton had been 
occupied chiefly with the deyelopment of the theory of planetary perturbations along the 
line of rigid dynamics, it did not occur to them that they were building on a false 
premise, that in reality the heavenly bodies so far as known are not solid, but fluid, 
though Laplace with his usual sagacity had long foreseen that in the case of our planets 
the nuclei are covered with fluid layers held in equilibrium by the pressure and attraction 
of their parts. His grand treatment in the Mécanique Céleste recognizes the fluidity of 
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the envelopes of the planets, and exhaustively examines the oscillations that will arise 
therein. Nor did he fail to consider fully the deviations from spherical form and the 
probable laws of density for the layers which compose the bodies of the planets. 

The effect of so monumental a work as the Mécanique Céleste was twofold: on the 
one hand it brought Physical Astronomy to an unexpected state of perfection, while on 
the other it produced the impression on the less creative minds that there were no great 
problems untouched by the master-mind of Laplace. His work had indeed well-nigh 
exhausted the theory of Celestial Mechanics, so far as it could be built upon the assumptions 
of rigid dynamics ; at least subsequent work has been for the most part little more than 
refinement or perfection of the methods and processes given in the Mécanique Céleste. The 
work of Laplace was designed for the solar system, and the idea that the universe is really 
composed of fluid bodies, self-luminous stars and nebule in space, seems never to have 
occurred to him, or he would have foreseen that however adequate Rigid Dynamics may 
be for effecting a first approximation, the true theories of ultimate Celestial Mechanics 
must be founded upon the laws of viscous fluids in motion. So great is the influence of 
tradition that it is difficult for us to realize fully that the stars and nebule are viscous 
fluids, self-luminous liquid or gaseous masses, and that even in the solar system the 
bodies are all fluids of various viscosities. This new point of view respecting the actual 
facts of the universe has brought about an important modification in the nebular hypothesis 
and in the ultimate theories of Celestial Mechanics, of which we shall now give some 
account. 

About 1875, G. H. Darwin, who had qualified himself for the Law and been called to 
the Bar, on account of ill-health, abandoned his profession to undertake for Lord Kelvin 
some scientific work, which among other things included the reduction of a great mass of 
Indian tide observations with a view of throwing light upon the problem of the rigidity of 
the earth. ‘This work, besides leading Lord Kelvin to the celebrated conclusion that the 
earth as a whole is “ probably more rigid than steel, but not quite so rigid as glass,” was 
the occasion* of the younger Darwin developing the theory of bodily tides, or the 
theory of the tides which would arise in the earth on supposition that it is not rigid as at 
present, but a viscous fluid, as it must have been, according to Laplace, at some past age. 
While some allusions to bodily tides can be found in scientific literature as far back as 
Kant, and especially in the papers of Delaunay on the secular acceleration of the moon’s 


*In the Atlantic Monthly, for April, 1898, Prof. Darwin remarks: ‘‘It was very natural that Mr. See should 
find in certain tidal investigations which I undertook for Lord Kelvin the source of my papers, but as a fact the 
subject was brought before me in a somewhat different manner. Some unpublished experiments on the viscosity of 
pitch induced me to extend Lord Kelvin’s beautiful investigation of the strain of an elastic sphere to the tidal dis- 
tortion of a viscous planet. This naturally led to the consideration of the tides of an ocean lying on such a planet, 
which forms the subject of certain paragraphs now incorporated in Thomson and Tait’s Natural Philosophy. 
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mean motion, it is yet indisputable that Darwin was the first writer to treat the problem 
in a systematic, thorough-going and original way. Recognizing that at some epoch in 
the past, the earth was probably a mass of viscous fluid, he set for himself this problem: 
To determine the bodily tidal distortion of the earth, and the effects of this alteration of 
figure upon the orbital motion of the moon, and upon the earth’s rotation. His papers 
were communicated to the Royal Society between 1878 and 1882, and are celebrated con- 
tributions to the general theory of tides. In these papers he has traced the moon back 
to close proximity to the earth, when the two, at the breaking off of the moon, were most 
probably revolving in about 2h. 41m. The moon has since receded from the earth under 
‘the action of tidal friction, while the rotation of the earth has been slowed up in correspond- 
ing degree. It was rendered certain that in the origin of the Lunar-Terrestrial System, 
the action of tidal friction had played a prominent, if not a paramount part, and the 
question naturally arose whether it had not been equally potent in the development of other 
parts of the solar system. When, however, Prof. Darwin came to apply the results to 
other satellite systems and to the solar system as a whole, it was found that here the 
effects had been much less considerable than in the case of the earth and moon, owing 
chiefly to the small masses of the attendant bodies. Thus the major axes.of the orbits 
had perhaps been very slightly increased, and the rotations correspondingly exhausted, 
but no radical change had taken place. Under these circumstances it was natural that 
Darwin should drop the subject without further search for extension of the principle he 
had developed. 

About November 1, 1888, while I was still an undergraduate at the Missouri State 
University I became much interested in the origin of the double stars. The immediate 
cause of my taking up the subject was the Missouri Astronomical Medal, occasionally 
awarded by the University to a graduate of highest standing in the Mathematical and 
Physical Sciences. Having been informed by Prof. W. B. Smith that I was eligible to 
write for the medal, by virtue of my standing in the Physical Sciences, our conversa- 
tion drifted on to the probable subject of the Thesis, and in this way he was led to 
suggest a criticism of Darwin’s work on the origin of the moon. He remarked: “ You 
may find this only a pocket, already worked out, and not a continuous vein of rich ore, 
but it seems to me worth thinking of. At any rate [ would not advise you to write on 
the orthodox Laplacean Nebular Hypothesis, for that subject is worn threadbare.” 

The suggestion of a critique of Darwin’s work did not quite meet my approval, for I 
feared the subject was already exhausted and would leave no field for future progress. 
As I had heen observing various double stars for the past two years, and had seen no 
suggestion regarding their mode of development, it occurred to me that perhaps the tidal 
theory might find application among the stars. When I had collected such orbits as were 
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available in’ the books at my disposal (Humboldt’s Cosmos, Herschel’s Outlines, etc.), I 
discovered to my surprise that unlike the orbits of the planets and satellites, they are 
very eccentric, though not so eccentric as those of the periodic comets. It was at once 
evident that it would be hopeless to attempt to explain the origin of the stellar systems, 
if we could not explain the cause of the high eccentricities of the orbits. The next day 
I called on Prof. Smith and told him of the discovery that the orbits are very eccentric, 
and asked whether he thought I might explain this peculiarity on the tidal theory ; rub- 
bing his head for a moment in quiet reflection, he replied: “Oh! I see what you mean ; 
you think the dragging of the tides in the bodies of the stars has produced the elongation 
you find in the orbits. Such an idea can hardly be discussed off-hand, but it is at least 
worth examining; it may prove fruitful.” ‘That is exactly what I mean,” said I, 
“and you have correctly interpreted my line of thought.” After this conversation, which 
is here reported exactly as it occurred,* there was nothing else before my mind for 
several days, as I was wholly occupied with finding out whether the problem undertaken 
was soluble, and, if so, whether it would result in any important Physical Truth. Having 
established the fact of high eccentricity as thoroughly as the published orbiis at my dis- 
posal would admit, I set about that same day the problem of explaining the cause of 
the eccentricities ; and as | worked the impression continued to grow on the mind that 
since the stars are not solid, but self-luminous fluid bodies lke our sun, and the two 
members of a system comparable in mass, the action of each body would produce tides in 
the other, and the lagging of the tides in the two stars would gradually expand and 
elongate the orbits as now observed in space. And before I had obtained access to the 
learned papers which Darwin had communicated to the Royal Society, or even to his 
article “Tides” in the Mneyclopadia Britannica, 1 proved by an elementary process that 


when the bodies rotate more rapidly than they revolve, the eccentricity of the orbit would 


gradually increase. Here then was a result confirmatory of the happy intuition, and 
for the past nine years my energies have been largely devoted to the extension and 
generalization of the theory of bodily tides in relation to cosmical evolution. 

After concluding my undergraduate studies at the University of Missouri, I con- 
tinued the work at the University of Berlin. It is particularly of that work and the 
extension which I have since made of it that I shall speak to-night. The theory of tidal 
friction developed in the Inaugural Dissertation presented to the Faculty of the Uni- 
versity of Berlin is essentially a special treatment of the general theory as it occurs in 
nature, while that previously developed by Darwin in connection with the méon and 
planets is restricted by the condition that the perturbing body is very small. I shall 
therefore discuss the general case as presented in my own researches. 


*As the occasion of my beginning this work has never been published, I trust it will not be thought Guappree eet 
for me to recall it in this paper to the American Philosophical Society. 
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Suppose we denote an element of the mass of a spheroid by m, and its distance from 


the axis of rotation by d; then the moment of inertia is 


jet ai 


If the spheroid be rotating with an angular velocity y, then Zy will be the moment 
of momentum of the body about its axis. For a second body whose moment of inertia is 
I’, and angular velocity z, the moment of momentum is /’z. 

Foilowing the analogy of Darwin’s procedure, we choose a system of units designed 
to simplify the resulting equations. Let us take as the unit of mass 

MM | 

M+ mM” 
and as the unit of length a space such that the moment of inertia of the spheroid about 
its axis of rotation shall be equal to the moment of inertia of the two spheroids treated as 
material points, about their common centre of inertia when distant apart [. Then 


we have 
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Let the unit of time be the interval in which one spheroid describes 57°.3 in its 
orbital motion about the other when distant [. In this case, 1 is the orbital angular 
velocity of the body. The generalization of Kepler’s law gives 
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Now suppose the two stars to revolve about their common centre of inertia in a cir- 
cular orbit, with an angular velocity Q, when the radius vector is p. Then the orbital 
moment of momentum is , 

Mp \?2 ( Mp ‘ = ( MM’ \ 4 
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In a circular orbit the law of Kepler gives 0’p% = uw (M + J); and Op? 

= uw (M + MM’) 9’; and on inserting for Op’ its value, we have ui MM (M+ MM) ~? 6}, 
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which in special units is p3. Now the total moment of momentum of the system is con- 


stant, and is given by 


1 
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The kinetic energy of orbital motion is 
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The kinetic energy of rotation is 


where is twice the whole energy. 
In the system of special units, J, wi’, are equal to unity. If we put £ = - we 
shall get 


If we suppose the two stars to turn on their axes in the same time in which they 
revolve in their orbits, so that they show always one face to each other, the motion of the 
system will be as if the masses were rigidly connected. This condition is given by 
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Accordingly we haye the system of fundamental equations : 


H=y+ ke + 2, plane of momentum, | 
= ff ke — ss surface of energy, f Red hate (4). 
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These equations represent all possible interactions of the system, but in their present 
form are very difficult to interpret. The general problem to which they give rise 
seems to be insoluble, but we can solve and interpret them fully for one particular 
case which is in close accord with the conditions existing in nature; and it is possible to 
show by analogy that all other cases will be essentially similar to the one of which we 
shall treat. 

By taking the case of two equal stars rotating in the same direction with equal 
angular velocities, or substituting (3) of (4) in (1) of (4), we reduce the plane of momentum 


to a particular line of that plane : 
a’ — Hy + (14 k) = ot — Ae’ + 2=0, since & = 1. 


The equation of the energy surface passes into the form 


The curve of rigidity becomes 


H— & fo =e 
n= where 7 = J af + 2. 

Every point in the plane of momentum represents one configuration of the system, 2. e., 
one distance apart, one velocity of axial rotation, one moment of momentum of orbital 
motion. This point therefore determines the dynamic condition of the system, and’ by the 
motion of this point we may discover the changes which are taking place in any case that 
may be imagined. As we have restricted the plane of momentum to one line, the guiding 
point representing the configuration of the system will simply glide back and forth along 
this line. In the same manner the surface of energy is now restricted to.a curve formed 
by cutting that surface by a certain plane; the guiding point that would slide along 
the energy surface is thus restricted to one line of the surface given by the transformed 
equation. [The reader who may desire to examine this question exhaustively must be 
referred to my Inaugural Dissertation, Die Entwickelung des Doppelsternsysteme, Berlin, 
1893, R. Friedliinder & Sohn. ] 


As the tides raised in the stars are subjected to frictional resistance, energy is 
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DIAGRAM FOR THE CURVES OF A SYSTEM OF EQUAL STARS, UNDER THE INFLUENCE OF TIDAL FRICTION. 


Lower Curve illustrates increase of Eccentricity as the Stars separate, 
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thereby converted into heat, and lost by radiation into surrounding space; thus the total 
energy of the system must decrease with the time. Hence it follows that, however the 
system be started, the guiding point representing the configuration of the system must 
slide down a slope of the energy curve. In the accompanying illustration the curves are 
drawn for the value of 7 = 4. 

If the guiding point is set at @ it may move either of two ways: it may slide down 
the slope ac, in which case the stars fall together ; or it may slide down the long slope 
ab, in which ease the stars recede from each other under the influence of tidal friction. 
This latter case is the one of chief interest in respect to systems actually existing in 
space, and the several other ideal cases need not be discussed in this paper. The con- 
dition at @ is dynamically unstable, and corresponds to that of the system at the instant 
when the stars are first separated. At this juncture they rotate as a rigid system, but as 
each is losing energy by radiation, the axial velocities will soon surpass the velocity of 
orbital motion, and then the tides will begin to lag, and the mutual reaction of the stars 
will drive them asunder. Thus the guiding point in general slides down the slope ad. 
This means that as the stars recede from each other, the period of revolution for a long 
time surpasses that of axial rotation, but that in time the two periods again become 
synchronous when the guiding point has reached the minimum of energy at 4, where the 
bodies once more revolve as if rigidly connected. 

The question now arises with respect to the changes of the eccentricity. The 


differential equation for the change of the eccentricity is shown to be 
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which, on integration, is put into the form 
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where B is an arbitrary constant; a, b, a + (4 are the roots of the biquadratic equation. 
at — Hy? + 2 = 0. Equation (5) is illustrated in the lower part of the preceding 
figure, the origin being shifted downward to 0’ to prevent confusion of too many curves 
in one diagram. Now as the guiding point on the energy curve slides down the slope 
ab, the eccentricity at first very slightly decreases, then increases slowly, finally much 
more rapidly, until a high maximum is reached, after which it again diminishes, owing 
to the libratory motion in the system. Thus it is clear that as the stars recede from 


each other, the orbit becomes highly eccentric, but will ultimately become circular when 
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the system revolves as a rigid body. This last condition cannot come about while the 
stars are still contracting and shining by their own light, and hence all visible systems 
are characterized by highly eccentric orbits. 

To leave no doubt that tidal friction is a sufficient cause to account for the elongation 
of the orbits of the double stars, I applied the theory to a special case, in which the 
masses, distances and velocities are known. Taking two spheroidal fluid masses each 
three times as large as the sun, expanded to fill the orbit of Jupiter, and set revolving in 
an orbit of 0.1 eccentricity at a mean distance of 30 astronomical units, I find that by 
tidal friction the major axis of the orbit will be increased to 48 astronomical units, while 
the eccentricity will rise to 0.57. In this problem the masses are set rotating at such a 
rate as will produce an oblateness of about 2, so that the equilibrium is stable. Different 
conditions will produce different results, but it is easy to see by this numerical example 
that tidal friction is a sufficient cause to account for the observed elongation of the 
orbits of double stars. é 

Though it may be supposed that there could be little doubt of the generality 
of the law of the eccentricity which I inferred in 1888, yet the importance of this 
fundamental fact of the universe is so great that I did not feel satisfied till all the obser- 
vations of double stars had been examined anew and this conclusion touching the 
eccentricity established upon the most unshakable foundation. At length I have been 
enabled to show by the most exhaustive investigation of stellar orbits ever attempted, that 
the most probable eccentricity is 0.48; while on the other hand extremely eccentric and 
extremely circular orbits are equally rare, and must be referred to some unusual cireum- 
stances. Thus of the 40 orbits now well-known, it turns out that none lie between the 
eccentricities 0.0 and 0.1; two between 0.1 and 0.2; four between 0.2 and 0.3; eight 
between 0.5 and 0.4; nine between 0.4 and 0.5; nine between 0.5 and 0.6; two between : 

a 0.6 and 0.7; four between 0.7 and 0.8; two between 0.8 and 0.9, and none between 0.9 


- and 1.0. It tollows therefore that by whatever process the stars developed, their orbits — * 
cA. - assumed a form which is about a mean between the nearly circular orbits a the: planets, rere 
ae | and the extremely elongated orbits of the periodic comets. — tye et ¥ 
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revolving at the quickest in some hundreds of thousands of years. If the paths be 
elliptical, the major axes of these ellipses would be of the same order of magnitude as 
the distance which separates us from « Centauri; while if the paths be parabolic or 
hyperbolic, the two objects would pass and then separate forever. On the other hand we 
can conceive of nothing which could diminish the dimensions of a very long ellipse, 
unless it be something analogous to a resisting medium. Such a medium: to be effective 
in reducing the size of the orbits would have to act for a great period of time, and 
besides would probably be visible in space as diffused nebulosity. No nebulosity is 
observed about revolving double stars, nor is there any evidence of a sensible resisting 
medium either among the stars or in our own solar system. We may therefore reject 
the idea that the dimensions of the orbits were originally very large, and have since been 


diminished. As the orbits are now of the size of those of our greater planets, and there- 


‘fore comparatively small, it follows that the stellar systems have originated by some 


process other than by the union of separate stars. 

As a nebula is a very rare and expanded mass, and is yet held in equilibrium by 
the pressure and attraction of its parts, it necessarily rotates very slowly ; and hence 
when it divides into two parts under the acceleration of rotation due to secular condensa- 
tion, the orbit pursued by the detached mass must be of small eccentricity. For even if 
the forces producing separation could be exerted suddenly to produce a violent rupture, 
the detached mass in pursuing its eccentric orbit would again come to periastron, where it 
would encounter resistance in its orbital motion, and the result of the grazing collision 
would be a diminution of the size of the orbit, and consequently an exaggeration of the 
resistance at the next periastron passage; in this way the system would very soon 
degenerate into one mass. On the other hand were the initial eccentricity small, the 
newly-divided masses would pass freely, and when the orbit eventually became highly 
eccentric the secular contraction in the sizeof the masses would prevent disturbance at 
periastron. Subsequent collision could not possibly occur, because the periastron distance 
would steadily though perhaps only slowly increase as the stars are pushed asunder and 
the orbit is rendered constantly more and more eccentric. 

It follows therefore that in the beginning the orbits are only slightly eccentric, and 
that the eccentricity is developed gradually as the result of secular tidal friction working 
through immense ages. Accordingly in the elongation of the orbits now observed we 
see the trace of a cause which has been working for millions of years. The existence of 
this cause and its effects on stellar cosmogony could probably never be inferred except 
in the manner by which I approached the problem. On the one hand it appears that 
we have inferred the true cause of the expansion and elongation of the stellar orbits, 
while on the other the trace left by this cause has enabled us to detect the existence of 

A, P, S.—VOL. XIX. 2D, 


282, RESULTS OF RECENT RESEARCHES ON THE 


unseen tides in every part of the heavens. In a fluid universe tides necessarily result 
from gravitation, and are as universal as this great law of nature. In my later researches 
I have therefore been much concerned to show from the discussion of reliable observations 
that gravitation is really universal* and consequently that the tides we have assumed 
actually exist in the bodies of the stars. It is thus made certain that the foundation upon 
which our cosmogonic speculation rests is as enduring as the Newtonian theory itself. _ 

We now come to the second part of the problem: By what process did the stars 
separate ? In college lectures I had heard the annular theory of Laplace expounded for 
the solar system, and yet I failed to see how this theory could account for the separation 
of equal or comparable masses, such as we observe among the stars. Realizing that 
the double stars are in fact made up of two bodies of comparable mass, I reached the 
conclusion while still at the Missouri University that there must exist some process by 
which a nebula divides into equal or comparable parts, in a manner analogous to that 
of fission among the protozoa. About November, 1889, very soon after I entered upon 
my studies at the University of Berlin, I found that Darwin had recently published an 
important mathematical paper on the figures of equilibrium of rotating masses of fluid, 
and had referred therein to the profound work of Poincaré published about a year 
before. When I beheld the figures of equilibrium which these mathematicians had com- 
puted, I recognized at once the cosmical process I had already assumed to exist; it 
was indeed a great satisfaction to see a demonstration that under gravitational contrac- 
tion homogeneous incompressible fluid masses may divide into equal or comparable 
parts. The next question was: Are there nebule of this form in the actual universe? 
In searching over the paper of Sir John Herschel in the Philosophical TRANSACTIONS 
for 1833, I found some drawings of double nebulee almost. exactly like the figures 
mathematically determined by Darwin and Poincaré. It was no longer possible to doubt: 
that the real process of double-star genesis had been discovered. Further investigation 
and reflection have confirmed this inference, and I believe we may now wae with 
entire confidence the result reached at Berlin in November, 1889. aa lie . 
cae, In the first investigation Poincaré begins with the Jacobian ellipsoid of three unequal 
axes, and i Eon gn Ge : ie in Ae a way as to remain net 8 and eee. eee a 
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we suppose either mass to contract still further, it is evident that the rotation will begin 
to exceed the orbital motion ; and the tides raised in either mass by the attraction of the 
other will lag, and tidal friction will henceforth play just the part we have already 
described. 

Starting from a different point of view, Darwin was already at work on essentially 
the same problem when Poincaré’s paper appeared, and he held his results back for 
nearly a year longer, hoping to make application of the principle Poincaré had 
announced. In this second method of treatment two masses of homogeneous fluid were 
brought so close together that the tidal distortions of their figures caused them to coalesce 
into one mass; set. in motion as a rigid system, the problem was to find the resulting 
figure of equilibrium. It turned out to be a dumb-bell with equal or unequal bulbs 
according to the relations of the primitive masses. Thus we see it proved from two 


Fig. 1. 


The Apoid of Poincaré, showing how a rotating mass of 
fluid separates into two unequal parts. 


independent points of view that a division such as I assumed in 1888 can theoretically 
take place ; and among actual nebulee of space such division seems to be a general law. 
During the years of 1896 and 1897, I have examined a number of such objects in the 
southern hemisphere, and find them substantially as drawn by Herschel many years ago. 
Burnham and Barnard had previously assured me that the interpretation of the figures 
of double nebulz based on the drawings of Herschel was in accord with the phenomena 
of nature, but the studies more recently made with the great Lowell telescope supple- 
ments their large experience in a very happy manner, and may be said to remoye the 
last doubt that could attach to the division of nebulee by the process of fission. 

Before concluding these remarks it ought to be pointed out that in space we have 
to deal with masses which are not homogeneous, nor are the nebule by any means 
incompressible ; yet many considerations lead us to believe that in most cases the density of 
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a nebula is not very heterogeneous, and hence in general the foregoing conclusions would 
not be greatly modified. In this reasoning I have assumed nothing but that the nebule 
are figures of equilibrium under the action of gravitation. That these masses are fluid 
is certain, for the bright lines of their spectra indicate that they are self-luminous gas ; on 
the other hand the same force which controls the motions of the stars must operate 
among the particles of the nebule, and thus determine the figures of the masses in accord- 
ance with the laws of mechanics. 

As the conditions here assumed certainly exist in the heavens, we need only add 
that when the masses separate they are probably revolving as a rigid system. When 
they contract under the influence of gravitation, they must by a well-known mechanical 
law gain in velocity of axial rotation, and tidal friction then begins expanding and 
elongating the orbits; in the course of some millions of years we have a double star like 
a Centauri or 70 Ophiuchi. 

The stellar cosmogony here suggested may be regarded as a very general theory. 
Our solar system is so remarkable that it is uncertain whether a theory which explains 
the formation of double stars could assign also the cosmogonic processes which have given 
birth to the planets and satellites. The masses of the planets are very small compared to 
that of the sun, and the masses of the satellites are equally insignificant compared to 
those of the planets about which they revolve. Moreover the orbits are very circular, 
and these various circumstances make our system absolutely unique in the known crea- 
tion. Yet so far as our researches on the double stars may illuminate the problem of 
planetary cosmogony, they indicate that the separation took place in the form of lumpy 
or globular masses—not in rings or broad zones of vapor such as Laplace supposed. 

From the survey thus hastily made of a very large subject, it appears that we have 
taken a step in the generalization of the theory of tides and of tidal friction, and have 
indicated the probable mode of formation of the stellar systems. Little or nothing is 
known of the development or even of the mechanism of star clusters; the problem of 
explaining the more complicated systems must ultimately occupy the attention of 
astronomers if we are ever to trace the development of the visible universe. As a step 
in the direction of accounting for the origin of multiple systems, it may be said that 
observations on triple and quadruple stars have shown that they, too, developed by repeti- 
tion of the fission process. One or both components of a binary have again subdivided, 
just as I inferred was the case when still at the Missouri State University in 1888. While 
the views here expressed are the results at which I have arrived after a partial investiga- 
tion of the theory of tides and of the figures of equilibrium of rotating masses of fluid 
and a comparison of these theories with the phenomena observed in the heavens, I 


reserve the right to modify any opinion or conclusion which future research may show 
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Drawings of double nebule according to Sir John Herschel. 
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to be unsound or incomplete. That tidal oscillations which were first noticed by the 
navigators of our seas are at length seen to be but special phenomena of a general law 
operating throughout the universe is alike honorable and gratifying to the human mind. 
It is equally inspiring to recall that by the known laws of these phenomena we are 
enabled to trace existing systems through immeasurable time, and thus disclose cosmical 
history which mortal eye could never witness. In our time it is no longer sufficient to 
maintain the traditions of the past, to trace the planets, satellites and comets through 
centuries, and explain observed anomalies in their figures, attractions and orbital motions 
by the law of gravitation. We must essay to discover the cosmical processes by which 
the existing order of things has come about. Though it seems probable that a fair begin- 
ning on this problem has already been made, a much greater work remains to be done 
during this and the coming century. 

What is needed is a more thorough exploration of the face of the heavens, by 
astronomers who are familiar with the laws of mechanics ; and a far-reaching investiga- 
tion of the general theory of tides in viscous liquid and gaseous masses such as the stars 
and nebule of remote space. Even if the full extent of the hopes here expressed can be 
realized only after the lapse of several centuries, I venture to believe that the achievement 
will not be unworthy of the past history of Physical Astronomy. 


ARTICLE V. 


ON THE GLOSSOPH AGIN 4 
(Plates VI-XV_) 


BY HARRISON ALLEN, M.D. 


Read before the American Philosophical Society, January 21, 1898. 


Having an impression that the genera of bats are best defined by minute characters 


in the skull, teeth and wing membranes, I am led to review the Glossophaginsee—a sub- 
family of the Phyllostomididee, concerning which unsatisfactory accounts exist both as 
to structure and relationship. 

The bats embraced in the group are characterized by a slender protrusile tongue, an 
elongated jaw and a deeply cleft lower lip.* The temporal impression is faintly marked 
and the sagitta is absent or confined to the frontal bone. The thumb and forearm are 
long. The olecranon lies on the upper side of the wing membrane. The canine teeth 
are long and the upper molars without hypocone. The incisors are so diminutive as to 
permit the tongue-to be freely projected without wide separation of the jaws. 

According to P. Osborne (Proc. Zoél. Soc., 1865, 82) the thumb aids in the seizure 
of small fruits, the teeth tear through the skin and the long tongue extracts the semi-fluid 
contents. As in the Edentata, the elongation of the jaws and tongue has led to the sim- 
plification of the teeth. But reduction in number of the teeth has gone on scarcely at 
all; indeed, the most highly specialized forms are those having the largest number of 
teeth. 

The genera are arranged in three alliances—the glossophagine, the choernycterine and 
the phyllonycterine. The first is composed of Glossophaga, Leptonycteris and probably 
Monophyllus ; they certainly relate closely to the Vampyri. The second of the highly 
specialized and more doubtfully placed group of Chernycteris, Lonchoglossa and Anura, 

* Zodlogists are indebted to Prof. W. Peters (M. B. Akad., Berlin, 1868), for a revision of the group of the glos- 
sophagine bats. The diagnoses are unfortunately sometimes inadequate and without critical analyses of synonymy. The 
confusion arising from the circumstance last named is to be acknowledged ; as a result, the task of identification when 
not aided by inspection of type specimens is difficult. Dobson in his, well-known catalogue of the Chiroptera in the 


British Museum, 1878, follows Peters closely—often indeed merely translating or paraphrasing his language—and on the 
whole shows less acumen than characterizes his admirable work elsewhere. 
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is probably also of Vampyrine origin. The third division contains but a single genus, 
viz., Phyllonycteris. It 1s so near Brachyphylla that it would be easy to effect the 
transition and remove the genus to the alliance expressed by the term brachyphylline. 
It is akin, therefore, if not annectant, to the subfamily Stenoderminee. * 

The material available for the study just completed was not large, and two genera, 
namely, Monophyllus and Glossonycteris, | have not seen. I have concluded from the 
published descriptions of Gossonycteris that doubts can be frankly expressed concerning 
the validity of this genus. Perhaps not enough’ stress has been laid upon the effects 
of age in attempting to separate it from Anura. 

Reliable characters are found in the lower molars. The extension forward of the 
ridge (anterior commissure) between the protoconid and the paraconid is more marked 
than in any other group, and is in consonance with the compression of the crowns. The 
ridge is not spinose, and is scarcely raised. In Glossophaga the ridge is constantly as in 
the Vampyri, but in the other genera it is an extension forward from the protoconid. 
No trace of hypocone is seen in the upper molars. 

The row of glands lying to the outer side of the nostril is discernible in all genera 
except Phyllonycteris. Minute distinctions are found in the degree of development of 
these glands. They are best developed in the glossophagine group, and least so in the 
cheernycterine. In Phyllonycteris the ecto-nareal gland-row is occupied by a flattened 
fold of skin which becomes incorporated with the nose leaf.+ 

The proportions of the width of the third and fourth digital interspaces taken at the 
distal ends of the metacarpal bones when the wing is extended is found to be as valuable 
an aid in determining affinities as elsewhere in the order. In like manner the shapes of 
the terminal cartilages of the fourth and fifth digits, the arrangements of muscles and 


nerve markings of the wing membrane are noted as furnishing excellent characters. 


The following scheme of interdigital diameters is given : 


Second Third Fourth Second Third Fourth 
Interspace. Interspace. Interspace. Interspace, Interspace. Interspace. 
Glossophaga soricina ...... 2 12 17 LONCHOGUO8SA....-.0.scasees 2 16 23 
Glossophaga truet.........-. 2 11 15 TATUUT G joccessavestecsetaa sere 3 15 30 
Leptony cterts ....-c...0.0+0- 3 15 25 PhYyWonycterts ....0+0...++6 3 13 25 
CRhOrONY CEETIS....0. 00-0000 2 ipl 20 


Enough can be gleaned in the way of inductions from the shapes of the anterior 


* In a paper by myself, entitled ‘“‘On Ametrida minor” (Proc. Bost. N. Hist. Soc., 1892), I used inadvertently the 
term Stenodermatide for this subfamily. 


+ The genera of the remote megaderminine genera are in like manner distinguished by characters in rows of glands 
as contrasted to folds of skin, though the structures are here not ectonareal, but infranareal. In Megaderma the glands 
are distinct, while in Lyroderma and Lavia they are supplanted by a 


skin-fold which becomes an integral part of the 
nose leaf, 
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extremities and the details in the phalanges and terminal cartilages to warrant the intro- 
duction at this place of a few remarks on the subject of flight. 

Leptonycteris. The greatest restriction in the moyements of the digits is found in 
Leptonycteris. The sharp flexure of the second row of the phalanges on the first impede 
rapidity of flight, while the axially disposed, terete terminal cartilages show absence of 
strain. ‘The second and third metacarpals always maintain an acute angle to the forearm. 

Glossophaga and Chernycteris. These genera resemble Leptonycteris, differing 
therefrom in degree only in the greater degree of interphalangeal flexure and in the 
angulation of the second and third digits to the forearm. 

Anura shows scarcely any tendency to flexure or angulation of the parts above 
named while the terminal cartilages of the third and fourth digits are markedly deviated 
from the axial positions and thus appear to correlate with increase of wing strain. 

Lonchoglossa is intermediate between Anuwra and the preceding group. 

Phyllonycteris shows an isolated position from the foregoing group as a whole, on 
account of the terminal cartilage of the fifth digit being entirely embraced by the wing 
membrane. It is a curious circumstance that the remote Leptonycteris exhibits a similar 
peculiarity. | 

It cannot escape notice in studying the group that the extraction of soft pulp from 
a fruit is not unlike the lapping of blood. Acquirements apparently so diverse as 
fruit-eating and blood-taking are not so improbable as they might appear to be at 
first sight. Geoffroy, who established G'lossophaga, yet who had no knowledge of the 
habits of the species, concluded from the structure of the tongue that the animal was a 
blood-sucker.* In adapting the head so as to create a blood-lapping from a pulp- 
extracting form the greatly elongated jaws are shortened, the face flattened, and the 
teeth become knife-like. In this manner we may trace the transitions which have taken 
place in the Vampyri in creating on one hand the Glossophagine and on the other hand 
the Desmodine. ; 

In Glossophaga the Flexor carpi vadialis passes along the upper border of the radius 
as far as the distal third, at which point it crosses the curved radius to reach the carpus. 
In Chernycteris and Lonchoglossa the tendon of this muscle lies to the lower border of 

the nearly straight radius. 
The Flexor sublima digitorum has the weakest development in Charnycteris, 
which form it supplies the first and fourth digits only. In Phyllonycteris it omits only 
the second, while in Lonchoglossa and Glossophaga it supplies all the digits. 


” 


* The stomach in the Glossophaga villosa Rengger (Naturgesch. der Stiugcthiere von Paraguay, Basel, 1830, 80) was 
found to contain blood with remains of insects. It is not known what “forms would now be included under this title. 
See remarks on Anwra." 
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The origin of the Glossophagine is easily traceable to the group denominated by 
Peters the Vampyri. But the division between the genera composing the Vampyri is 
of a character to suggest two groupings at least, and the term Vampyri is best used in a 
restricted sense. Indeed, it is a small cluster of four genera only (Vampyrus, Macrotus, 
Schizostoma and the aberrant Hemiderma), which possess a large, triangular, first upper 
premolar and an inflated, weak periotic region. 

Of the second group (Phyllostomi), of w hich Phyllostoma is the type, I have imper- 
having studied besides this form the genera Lonchoi ‘Hina and Lophostoma. 


fect knowledge 
But they agree in having the first upper premolar small and acicular, a peculiarity I find 
figured in Gervais (Hp. du Sud.) as characteristie of Tylostoma and Monophyllum 
(Dolichophyllum). 1 infer that Trachyops, Phylloderma and Jimon are members of this 
eroup from Dobson’s statement (Br. Cat. Chir.) that they resemble Phyllostoma. I have 
no satisfactory knowledge of the periotic-region in this group, but can say that it 1s boldly 
defined, coneave, and not inflated in Phyllostoma, Lonchorhina and Lophostoma. 

Now it has been seen that the Glossophagine yield two groups—that of the Glosso- 
phagi and that of the Lonchoglossi. In my judgment these do not have a common origin. 
The Glossophagi agree with the Vampyri as above restricted in the shape of the first 
upper premolar and the inflated periotic region, while the Lonchoglossi are much nearer 
the Phyllostomi. Chenycteris possesses a triangular premolar (with large denticles) 
and a moderately truncate concaye periotic region, but its other characters, taken as a 
whole, connect the form intimately with the Glossophagi. 

The taxonomic yalue of the terminal cartilage can be determined only by the 
examination of extended series. At first I had inferred that the shapes of the cartilages 
of the fourth and fifth digits were of considerable value. But inspection of the largest 


number of individuals of the most common species 


namely, Glossophaga soricina—gave 
me an impression that they were really variable structures ; thus in one individual from 
Costa Rica they were both spatulate; in another from Bahama Islands they were both 
aciculate ; and yet in a third specimen from the last-named locality the fourth digit was 
spatulate and the fifth aciculate. Nevertheless the variability itself is of interest and I 
have, therefore, figured the cartilages, believing that after extended observation they may 
assist In more firmly defining the minor groups of species than is now the case. 


GFLOSSOPHAGA. 
Upper incisors in a continuous row. Length of forearm not exceeding 36 mm.; thumb, 


8 mm.; calear present; the tail is short with free tip on the dorsum of the interfemoral 


membrane, Proencephalon creates an eminence on brain case; fronto-maxillary inflation 
conspicuous ; mastoid process small, 


Dental formula: i. 4 — ce, 1 — prm. 2—m, $= 21. 


_— 
we 


ON THE GLOSSOPHAGINA. DAN 


The Flexor profundus digitorum supplies second and third digits oniy. The 
Semimembranosus and Biceps femoris are absent. The tendons of the Gracilis and Semi- 
tendinosis closely approximate and give the appearance of being fused, but by gentle 
traction they can be shown to be distinct. 

Pallas first described G'lossophaga soricina as having no tail (Mise. Zoilog., 1766, 
48), the type being a female. He subsequently described and measured a second speci- 
men (Spicil. Zodl, III, 1767, 24), a male, which he dissected. He now noted the 
presence of a short tail and figured the skeleton in which the tail is plainly 
seen. Geoffroy accepted the first description as final, and proposed a separate name 
(G. amplexicaudata) for the assumed new species possessing a tail. Gray (Ann. and Mag., 
N.58., 1838, II, 490) acting on these erroneous premises proposed the name Phyllophora 
for Glossophaga amplexicaudata. Gervais (Hxpn. Amerique du Sud., 1855, 11, mem., 40) 
sustains Gray’s position without comment. Peters set the matter to rights in 1868, over 
a hundred years after Pallas’ first simple error of observation. 

Of the elaborate measurements of Pallas those taken of the male are the most accu- 
rate and include those of the skeleton as well. The figure of the head by Geoffroy also 
conforms in vertical measurement. The width of the basal part of the nose leaf is less 
than in our figure. Pallas, Geoffroy and Spix all accurately figure the interfemoral 
membrane as approaching the ankle, certainly reaching a point below the level of the 
middle of the tibia, which is the distance given by Dobson. 

The fact that the two forms of G'lossophaga differ so widely makes it desirable that 
the characters of the first recorded species be carefully noted. A reyiew of the original 
description of Pallas is of restricted value, other than the anatomy of the soft parts, 
notwithstanding the praise Geoffroy and Dobson award it. Geoffroy states he had dis- 
sected an alcoholic specimen and confirmed Pallas’ observations. But Pallas did not note 
so conspicuous a fact that im the first digit the metacarpal bone is much shorter than the 
combined lengths of the phalanges. The cranial and dental outlines are worthless ;* but 
one cannot gainsay the value of the figure of the fimbriated and elongated tongue. 


Synoptical Table of Genera. 
Palatal portion of premaxilla forming a rostrum in advance of median incisive foramen; 


tympanic bulla separated from postglenoid process by a conspicuous interval; ethmoid 


‘ 


| gland mass confined to sides of nose leaf; occipito-squamosal suture without foramen; 


bone convex in brain case; no ectopterygoid lamina; in third to fifth digits first 
phalanx smaller than second; fimbrize not confined to tip, but extending well back 


Glossophagina vera. 


along the tongue. . 


— 


* Gervais (1. ¢c.) believes the form is not Glossophaga at all, but Hemidermu. 
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a. Median upper incisors larger than lateral; premolars 2; crown of lower canine 
with base lying inside position of lateral incisor; median incisor foramen 
barely in advance of paired foramina; upper incisors inclined; pit over 
proximal third of face vertex. 
b. Upper incisors in continuous row; molars 3; thumb one-fourth the 
length of forearm (31-34 THIN. \eiwaientacouiesie cos sclteg “Melts seis eleeremelebieenicira tacit Glossophaga. 
b. Upper incisors with wide interval between centrals; molars 3; thumb 
one-sixth the length of forearm (45 MM.)..-cecssseeressesssesseeeeee ceeeeeees Leptonycteris. 
a’. Median upper incisors smaller than lateral; premolars 4; crown of lower canine 
with base not lying inside position of lateral incisor; median incisor fora- 
men well in advance of paired foramina ; upper incisors vertical. 
c. Lower canine compressed, with cingulum; metacarpal bone of 
thumb exceeds length of phalanges. 
d. No phalanx to second digit of manus; premolars }; tail 
present; thumb one-seventh the length of forearm 
(Oli iin eroprpouaohosoesicr epee ocddobcsaaycosdounsadsscgagdsauneoar Choernycteris. 
ce’. Lower canine rotund, no cingulum; metacarpal of thumb equal 
length of phalanges. 


d’. Phalanx to second digit of manus; tail present; thumb 


one-eighth the length of forearm (38 mm.)..............s06+ Lonchoglossa. 
d'', No phalanx to second digit of manus; no tail; thumb 
one-sixth the length of forearm..........-....ss+escsesesenseeere Anura. 
S f 
z Palatal portion of premaxilla not rostrum-like; gland mass crosses muzzle back of nose leaf ; 
i 
o tympanic bulla almost touches postglenoid process; occipito-squamosal suture with large 
Tl. S { foramen; ethmoid bone not convex in brain case; an ectopterygoid lamina. In 
et 
“ot 
2 | third to fifth manal digits first and second phalanges equal; premolars 3; molars }; fim= 
= ae aes i 
Z | brize of tongue at tip only. 
sa I 
o Tail present; exceeding short interfemoral membrane; 
thumb one-fourth the length of forearm (45 mm.).. Phyllonycteris. 
Ylossophaga sorict P 
: Flossophaga soricina Pallas. 


Auricle emarginate at upper half of the outer border ; internal basal lobe free from 
head and indications of basal ridge. Lappet in side of the external basal lobe stout, 
pointed. Wing membrane from ankle. Terminal cartilage, fourth digit spatulate. 
Rudiment of an ascending process from the zygoma. 

Auricle subrounded, internal basal lobe with suggestion of vertical ridge, outer 
margin of auricle sinuate ; external basal lobe large, obtuse, retroverted, internal lappet 
a mere projecting nodule. Tragus straight on inner, convex or obscurely serrate on outer, 
margin. The nose leaf hairy and small, midrib confined to the pedicle. The leaf proper 
projecting nearly one-half its length above the conspicuous gland mass. The upper lip 
as well as the borders of the groove in the upper lip furnished with four to nine minute 
warts. Above, the fur is dark, sooty gray, at the tip the remainder of the hair being 
lighter but nowhere white. Beneath paler, unicolored. Interfemoral membrane almost 


ON THE GLOSSOPHAGIN®. 243 


as long as tibia. The calear is one-half the length of the tibia. The interfemoral mem- 
brane is often incised rather than semicircular.* The tip of the tail projects from the 
free margin of the interfemoral membrane. Tongue on dorsum free from retrose papillee. 

The first phalanx of the first digit is as long as the metacarpal. Entire digit one- 
fourth or nearly one-fourth the length of the forearm (10 to 40, or 8 to 36). The first 
phalanx of the second digit is one-thirtieth the length of the metacarpal; the entire 
digit is not as long as the third metacarpal. The first phalanx of the third digit is 
smaller than the second; the third is flexible; the separation from cartilage tip is 
indeterminate. Metatarsi equal. The row of first phalanges of toes equal. 

The Skull.—The brain case papyraceous ; the position of the body and hemispheres 
of the cerebellum—the mesencephalon and prosencephalon—being clearly outlined on the 
periphery. Pretemporal crests scarcely defined and not continuous with the orbital 
margin ; mesotemporal not seen ; posttemporal not distinct from the occipital. 

The face vertex is flat with shallow median depression over the ethmoid bone. The 
convex nasal bones are outlined by grooves, of which the median is the widest and 
deepest. Each nasal bone is incised on its free margin at the anterior nasal aperture. 
The sides of the face are convex, with a conspicuous, though small fronto-maxillary 
inflation. The infraorbital foramen answers in position to the junction of the premolars. 
The lateral border of the anterior nasal aperture is produced ; between it and the promi- 
nence over the canine tooth a groove is defined. The height of the alveolus is one-third 
the width of the neck of the canine, and one-seventh the vertical diameter of the anterior 
nasal aperture. The posterior border of the hard palate near the zygomatic root is 
spinose. The palatal notch at the mesopterygoid fossa is acutely incised, carried back to 
a line answering to the glenoid notch and is without median spine. It reaches a point 
opposite the posterior third of the zygomatic arch. The tip of the pterygoid process les 
opposite the oval foramen. The ascending process of the zygoma is inconspicuous and 
rounded. Base of cranium with prominent, median, vomerine ridge. The lateral depres- 
sions on the basioccipital are conspicuous, the mastoid process is obtuse. The tympanic 
bone is separated from the postglenoid process by an interval. ‘The coronoid process of 
the lower jaw is carried above the level of the condyle and is subacuminate. The angle 
is hamular and deflected outward with a notch between it and the lower border of the 
masseteric impression and projects backwards slightly beyond the condyloid process. 
Symphysis not carinate. The junction of the ethmoid and sphenoid bones in brain case 
convex. ; 

The Teeth—The teeth of Glossophaga are the best defined of any of the group. 
The cusps are sharp, the incisors and premolars are adapted for cutting, and the molars 


* Geoffroy expressed it thus, ‘‘ coupée en angle rentrant,’’ but this shape is often absent. 
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for grinding. In the upper jaw, with the exception of an interval on either side of the 
canine, all the teeth are contiguous.” In the lower jaw there is no interval on either 
side of the canine, for the lateral incisor and the first premolar are in contact with it. 
The upper incisors are arranged in a small are, which is smaller than the space between 
the canines. 

The central incisor is hatchet-shaped, the outer margin concave. The lateral meisor 
is smaller than central, with inner border twice the length of the outer. The canine is 
concave on the palatal surface. The premolars are triangular subequal, yet the heel of 
the second tooth is twice the size of the first. The cingules are scarcely discernible. 
The first molar is subtriangular with W-shaped crown reduced, the fluting on the para- 
eonid, rudimental ; the metacone is united to protocone by a ridge. The second molar is 
subquadrate, W-pattern scarcely reduced; the fluting on the paracone marked; the 
ridge from the metacone not reaching the protocone, but a distinct though narrow valley 
intervening. The third molar is one-half the size of the second, the second V_ being 
rudimental. The longitudinal axis of both second and third molar is oblique to axis of 
the alveolar processes. The third molar slightly overlaps the second at the buccal 
border. 

The lower incisors are provided with flat smooth edges to the crowns and are 
adapted to crushing rather than to cutting food. The canine is directed slightly back- 
ward and is provided with a small heel. The premolars are triangular, equal, the bases 
increasing in thickness from before backward. The molars exhibit marked commissural 
extension in advance of protoconid and paraconid. The hypoconid is cuspidate and as 
high as metaconid ; all the teeth are much alike, but become progressively smaller and 
narrower from the first to the third, while the extension in front of the paraconid and 
protoconid become less and less marked. The third tooth is not more than two-thirds 
the length of the first. 

In a skull of an embryo which measured 8mm. long, the lower jaw projected well in 
front of the upper and bore the deciduous canines. The shapes of the incisors and pre- 
molars could be discerned, while the upper jaw was edentulous. 

In an adult which retained the right upper lateral incisor only and the molars were 
much worn, the only teeth in the upper jaw that were in contact were the second and 
third molars. In the lower jaw the third molar was separated from the tooth both the 
first and third. The lower incisors were much worn and placed slightly in advance of 
the lateral teeth. I am inclined to believe these are variations due to adyanced age. 


* The upper incisors as represented by Leche (Studier ofver Mjolkdentionen och Tandernas Homologier hos Chiroptera, 
1876, Tab. Il, VIL) do not touch. 
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Glossophaga truet, n. Ss. 


In the Proc. U. S. Nat. Mus., XVIII, No. 1100, 1896, 779, I described a new species of 
Glossophaga under the name CG. villosa. Since Rengger (J. c., p. 80) described in 1830 
a species under this name I haye concluded to rename the form, notwithstanding that 
the species is quite different from the genus Glossophaga as now restricted. See 
remarks under Anura. I take pleasure in dedicating this species to the accomplished 
Curator of Mammals of the National Museum, Mr. F. W. True. I herewith reproduce 
the description, which now has the advantage of appearing with appropriate figures of 
the head, skull and teeth. | 

It is a remarkable circumstance that the genus Glossophaga, while the most common 
of any of the forms embraced in the group of Glossophagi, and has been collected from 
he widest range of any of its race, should have presented degrees of variations so low as 
never to have permitted the recognition of more than a single species. The complicated 
synonymy successfully unraveled by Peters, it is true, contains a number of names of 
species, but these were proposed through misapprehension of assumed generic values and 
bear no relation to questions of specific distinction. 

A careful study of two specimens (Nos. 9522 and 9523) belonging to the United 
States National Museum has convinced me of the necessity of recognizing two species of 


Glossophaga—namely, Glossophaga soricina and the one which I here name 


Glossophaga truer. 


Auricle entire on outer border or slightly emarginate. Internal basal lobe bound 
down to head without trace of ridge. Excepting in length of head and trunk every- 
where smaller than G. soricina. The ascending process of the zygoma twice the size of 
the same part in that species. Wing membrane from distal fourth of tibia. The termi- 
nal cartilage of the fourth digit terete. 

The auricle is without ridge at base of the internal basal lobe, which is scarcely 
defined and closely bound down to head ; outer margin almost entire; external basal lobe 
and nodule inconspicuous. Tragus with trace of serration on outer margin, basal lobe 
large, quadrate. 

The nose leaf, hairy, without midrib at internarial pedicle, projecting scarcely at all 
above the simple gland mass of the upper lip, which it almost entirely occupies. ~ Thumb 
one-fourth the length of the forearm—namely, nine to thirty-two. The tail had 
evidently occupied a position similar to that seen in G. soricina, It had been removed 
in preparing the skin, 
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Based on skins of two adults: No. 9523, U. 8: N. M., La Guayra, Venezuela; and 
No..9522, U.S. N. M., co-types. 

No. 9523, U. 8. N. M., fur soft, shrew-like; dull ash at basal two-thirds, sooty at 
apical third; it extends along the entire length of the dorsifacial region. No. 9522, 
U. S. N. M., quite the same, but is dark brown instead of sooty. 

The skull + closely resembles that of G. soricima, but is smaller and thinner walled. 
The ascending process of the zygoma is longer and more pointed than in the species just 
named; the palatal notch is less acute. The fronto-maxillary inflation is conspicuous. 
The symphysis menti is carinate. The angle of the lower jaw projects backward slightly 
beyond the line of the condyloid process. The brain case is 12 mm. and the face 7 mm. 
long. 

The upper central incisors broad with slightly concave cutting edges ; the lateral 
incisors are narrow with oblique cutting edges. The premolars are slightly separated 
from one another and the second premolar from the first molar; they are compressed, 
subequal, and triangular; the second premolar is thickened posteriorly, The other teeth 
closely resemble those of G. soricina. The first upper molar is longer than the second 
and the second longer than the third; there are no ridges extending from the paracone 
to the metacone. The third upper molar does not overlap the second molar at the buccal 
border. 

The muscle fascicles and nerve markings of the endopatagium disposed as in 
G. soricina. This system is the weakest of any of the group of the Glossophagi. The 
terminal cartilages are throughout terete. 

On the whole the descriptions of Pallas and of Geoffroy agree well with Glossophaga 
soricina of Peters’ revision, and exclude those specimens here embraced under G’. truer. 
In Geoftroy’s figure { the measurements of the nose leaf agree with those of G’. soricina, 
but the shape of the tragus and internal basal lobe of the auricle are like those of the 
form under consideration. But the figure is evidently based upon a dried specimen. 

The isolation of the premolars in G. truer answer fairly well to the arrangement of 
the teeth in an old example of G. soricina. This is an interesting fact, inasmuch as it 
suggests that senile characters in one species may be the same as those found in young 
adult life of another. 

The following proportions are noteworthy: The first phalanx of the third digit is 
longer than the second. The third metacarpal bone is as long as the forearm. The 

* Tt is not certain that the locality here given is the correct one. The record in the National Museum catalogue is 
imperfect. 


{In addition to the skull in the type specimens, I possess a skull from Brazil presented by{the late Mr. Harte, 
which answers to the above description. 


{ Ann. du Mus., 1810, XV, Pl. XI. 


oe le 
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forearm is 1.15 mm., the smallest in the group. The calcar is one-third the length of the 
tibia. The first phalanx of the first toe extends slightly beyond the first phalangeal joint 
of the second toe. The first row of phalanges decreases progressively from the second to 


the fifth toe. 
Type.—No. 9522, U. S. N. M.* 


Measurements of G'lossophaga truet. 
Millimeters. 

Head and body (from crown of head to base Of tail) ..........cccceseesssseeeesseceeesssee, cesensceenacees 45 
FLe@adtANG: LOTCATING.cccssiicesceces cee cleewsesee ee BC CBcs sen BS BEI UTIODOECOSd0 OLC SSUEOHE COS TREE Dace BE REC CCH CE DE AECESEE EEC 32 
First digit : 

en SU ROL sHNst IMOLACAT AlN ONErwscssee see crests st. teehee se scion onco oe 50sd sca selsdeewsseeotcesseess 4 

eno uUNOte hs hyp lielarixecactueretaientersteroresssscmaccatesaroasstoonssecevess\ecs cen cceetteceaseeseaeses 4 
Second digit : 

Heng thy of second) metacarpal PONE. swow..-cccsesessessecivccsessceascsscersceusessonaancseerseessonscsoe 25 

Weng timoimershEM lad alixaemeeraes na iascn;ccortarsar nieces sctecsciocncacscsadeddass«cenescsventecbeanees 2 
Third digit : 

Meno bhmomi ina euncal pall DONG revesecescescektsmercacdisceseeces+o2-diceccsessescdecouatigavesinasscesss 30 

Menie cauotmiiab nual alixcnes-speaeveceront sens se cecsnertaceeneseenaas cr estes iicas orcd.(asleseteecse sce 5 alll 

eSNG ROLESeCONGE Lc) Al Xcmrsonesctestccnettestlsce ten sdatcisanestesoasecss oslsaincsciesccmuncssee Sbochernae 14 

en So UNOLeEMTUa Lcilanyersaiensnten te cease ae teeth cadence’ sesselse nase cascccessescecascdescecsens 6 
Fourth digit : i 

Pen SUNT OL Our GM MMetAGAT a ly WOMCrde-aabercsesccsecessrocnosescesesssees so siesceslosnsseeeeveosauscases 27 

er CbumOimtirst aia LAlixmaeeanesneen emma citosessctarcecastasrocdnt-cstsscesoste-recveaseeses) ace/eee 9 

Length of second phalanx ............. 2 goeicinqO Crit Coban doeQuBecocbngoodePtouondegcckon os todbdarocggebOrr 9 
Fifth digit : 

en TEnVOrmyi name tacan pal ON Oksesers ce leseceeesasaseacennonsasisc os: desle<icsepeeecesarns sap seeetssess 27 

Length of first phalanx ....... = copaQneceoKaABodeaanSsda? ‘Akgcanododdadtal sao goosqsscoodenc oc. cbGosdedecens 8 

Length of second phalanx.......++ s..+..++- 2a Sen gogenbacosddéodeoncendGs. k Gach coat asc. noacrosobOCogCSKE 8 
tera ot ame tellers dl enomnsstmem in anae ccaet saisnaseoittastecien tanteciccless selelactclindsie occa dseesessedeucsosncserossionwerecones 21 
EUCIO lh GlOMMCaNugea cs ereaec ssn leniats sataccaststrarenatcagsesraseacsoseogeraiancssiacase se Sas noescoscesinatscesesecsscees 11 
TRIG GATS Gh? TENCE oso coh ceoscconcaedtour seponcagsegoe spc adRobnOdoor1gecs DOADpHACagONCOABUCCoCICeoE—obdOsocr GCL IOCODBUK 3 
Wen oc VO Gilnlsveecta re niaessloatstet as cee casas tate erate saceccess dessseccsdesdecccteesestcotessccseaucsiecsoosceraes ala 
GSMO LOU beets istnlecttelentean selves sisetosren ail wen sits ctenaects erenslelssccieseresclssensbanceassesseusise)sisacen secensnsi 8 
Wen Spnrotsiber enlora einen plane sacenecteseeseereeate sys sseeiclosopecss ss clhese a 1s tenancies ro csacssses's 9 


MoNOPHYLLUS. 


Upper incisors not in a continuous row. The first and second upper molars with hypo- 
cone. Length of forearm, 37 mm.; length of thumb, 10 mm. The tail projects from the 
margin of the short interfemoral membrane. The proencephalon does not create an 
eminence on the brain case. No vertical line is found on any of the interdigital spaces. 


Dental formula: i. 4 — c. + — prm. 2 —m. $= 21. 


* The measurements of No. 9523, U. S. N. M., are the same asin No. 9522, U, 8, N, M., excepting in the second 
phalanx of the third manal digit, which is but 12mm. long. 
A. P, 8.— VOL, XIX, 2 F, 
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The single specimen of Monophyllus which was available was that of a skin of an 
adult (No. 83347, 9, U. 8S. N. M.) obtained by exchange from the Berlin Museum. The 
closer, indeed, than any two genera of the 


genus is in close alliance with Glossophaga 
eroup. The retention of the hypocone in the first and second upper molars, the presence 
of a keel on the symphysis of the lower jaw and absence of the vertical line in the inter- 
digital spaces, separate the two forms. Other characters if they existed unassisted by 
those just named would be those of relation and proportion. The presence or absence 


of the ealear could not be determined. 


Monophyllus redmani Leach. 


Auricle with blunt tip, scarcely emarginate on outer border. Wing membrane from 
basal third of the tibia: terminal cartilage of the fourth digit, spatulate. Marked rudi- 
ment of ascending process from the zygoma. Nose leaf, upper lip and membrane much as 
in Glossophaga truer. 

The auricle resembles G. truei nearer than G. soricina. It is blunt at tip, scarcely 
at all concave on the outer margin. A faint emargination is noted on the inner margin 
which may be exaggerated in the dried skin. The external basal lobe was everted by 
the method used in preparing the specimen. The parts do not differ from those studied in 
Glossophaga. The tragus is blunt, presenting two coarse sinuations at the outer side and 
two denticulations at the base. The nose leaf, upper lip and mentum almost precisely 
the same as in G. truer. No warts are anywhere present. 

Fur above is dark brown; the head, neck and shoulders a lighter shade than the 
back of thorax and loin. Examined with a lens, the fur has an admixture of fine gray 
hairs, which are more numerous on head, neck and shoulders than elsewhere. The fur 
beneath is gray and brown, about equally admixed. Both above and below the hair is 
unicolored. Sparse gray hairs extend below on arm to elbow and slightly over the endo- 
patagium. The legs are naked. 

There is no yertical line on the membrane of any of the interdigital spaces. The 
endopatagium exhibits a few coarse yertical lines. The fourth interdigital space is 
obscurely areolate. 

The skull was mutilated at occiput and posterior third of the base. It closely resem- 
bles Glossophaga. The fronto-temporal crest is more defined, while the fronto-maxillary 
inflation is less defined than in that genus. The posterior palatine notch, narrow. Seen 
from above, the posterior border of the infraorbital foramen appears as a blunt spine. A 
narrow but well-defined groove extends the entire length of the face, beginning ata 
foramen near the pretemporal ridge. The ascending process from the zygoma is 


greatly in excess of the same character in Glossophaga. The external auditory opening 


—s 
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is smaller than in the genus just named. The thick skull does not admit of the divisions 
of the brain being discerned. The lower jaw is more robust—the depression in advance 
of the angle most marked of any genus in the group; the angle is raised high above the 
level of the lower border of the high ramus as in the Lobostomina ; the symphysis is pro- 
vided with a large keel. 

On the whole the skull is more robust in texture and is of a larger animal than 
Glossophaga, but the face structures more extended, and presumably from the symphysal 
modifications, a longer and more prehensile tongue. 

The Upper Teeth—The incisors are not arranged in a continuous row or in pairs, but 
intervals* are found between the teeth. 

The space between the central incisors is wider than that between these teeth and 
the laterals. The central incisors are obscurely hatchet-shaped, while the laterals are 
conical. Wide intervals also exist between the canine and the first premolar and between 
the first and second premolars. The other upper teeth are contiguous. The premolars 
are aciculate, compressed, with prominent base conules. The first and second molars are 
quadrate with conspicuous hypocone. The third molar is more triangular and resembles 
the first and second molars of G'lossophaga. 

The Lower Teeth—The incisors are reduced to tubercles, arranged in pairs, which are 
widely separated both from the symphysis and the canine tooth, though nearer the latter 
than the former. The central incisor is larger than the lateral. All the other teeth are 
contiguous, except the second and third premolars, which are separated by an interval 
equaling that in the upper series. The first premolar is distinctive. It closely resembles 
the homologous tooth in Glossophaga and anteriorly overlies the base of the canine. The 
second and third premolars are similar to those in the upper jaw. The molars are of the 
same type as in Glossophaga, but elongated and compressed in advance of the protocone 
and paracone as in Leptonycteris. 

The comparison of the skull and lower jaw seen from in front with Glossophaga is 
instructive in the differences in the shapes and relations of the shapes of the teeth already 
noted. The upper canines are observed to be longer and more trenchant in Monophyllus 
than in Glossophaga. 


Ruge ten in number, the anterior five undivided and the posterior five divided. 


Measurements of Monophyllus redman. 


Millimeters. 
Head and body (from crown of head to base Of tail)..........ssssceecseersscernsessnneesereecenerereneesees 24 = 
TD GTaVGAN GWE EAI nccosacne co coundepcscunansoqcscednas Jougeogsantued 00d 5 sob50dbanGEorb obo aqsbsucedsc0s8Gnodb9 Jdodoare aa oHeOCD 0 
Length of forearm...............-..+..  sbeb pS donboudanso dopabsooncbagaes (qunasscnéarsendoodocdhoosoqdnboaueauoacHebc 37 


*According to Dobson’s text, the upper incisors are in a continuous row, but they are figured with an interval 
between the central incisors. In the table of genera all the upper incisors are said to be arranged in pairs. 
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First digit : Millimeters. 
Length of first metacarpal Done. ...-..+-seesessessssseseteerteraeceeseseessensaccnsnnaaanaancuanescssss 4 
Length of first phalanx.......scceesecccccrssssceresnsnascscensrersnesevenensccanncenrsccesucsecease wneee 6 

Second digit: 

Length of second metacarpal Done. ......::sccsesceeeceneeees sareettsestacencaeenrsaseerenseanceestanenens 34 
Length of first phalanx.......s-+scsssssoessrnssscsenerssnecsseecsnacesooscrecsenene cauunerannancesecosnessars 2 
Third digit: 
Length of third metacarpal Done......-.:cseseessesesesrrereceeettnaceceeteesesaaeeseeeseensenceecen ees 38 
Length of first phalanx..........ssscccccsseceresseesncaaseesensennersereccnveneeerceseeeeranaraanaanacsceses 13 
Length of second phalanx......-csssssecccseceecssseeeersnreesssnenceeeseaseasessesceseescecnscenaenseescans 19 
Length of third phalanx.......ssccsesscesseseesceseesestsseessesnsseceeeesssasascesceseensanesenecesenses 9 

Fourth digit: 

Length of fourth metacarpal bone........+-.:seeesscseeesesseneseeessnereseeeeeceeeneencauseesses coeeas RS 
Length of first phalanx......cecccees ceessssseseeceeseeeneeeesesceseneceeateercucneeescccsssessecesasesceces 8 
Length of second phalanx.....--sscccccscssecceceecceseeeseeessaseasreteeesenersancauenecensescerenesaeeeess 12 

Fifth digit: 

Length of fifth metacarpal bone..........::sssesseeeereseeceeeneseeneececseesasccussceressessrscueescaes 30 
Length of first phalanx........-.ccceeceeeeeeeeeeseeeceeeeeeeeseesesaeeeteeeeeeseeseecceseceeeeaueeueeeeeeces 9 
Length of second phalanx. ...cccc:-scseecesesenseeeeecaneesceseseeesseeeeessaneaneeseeesensceenensee seeases 10 

Length of head.......--.:1.sseseseeseenceseesereceeseeeeeeeeeeeereenersenssarcesacresectscssccscecaesscrsescsesc scene ae 25 

Height Of Car........:ssccceecessssecesseeeececccecesseeceeeeneceaessecseeecscssncecsuneecsaneccsseesseaseeaaneesasesenoes 10 

Height of tragus..........1:sscceneeecsseccneeseneseeseeseseuseaeseaeecussrecasecaecesecseeyaseuecenecsecereesaueceees 3 

Length of thigh. .............ccssseccsssecceesseennsceeeccensesscarecctessersessnaccseecsesceeasers ssenesesesoneraeceens 11 

Length Of tibia......cessccccsccassstececssecees svenevetaectecness sev sdasessese su sssilsiessseeelemsesacsaasesinnaseasssere ass 15 

Length Of £00b.......2+.ccccssecnsessccessseetnersacssecsscsecsesereconeeeserscceusreneccovecersncsescesassessascoesesrsss 11 

Length of interfemoral MeMbrane............secceeseeeceesensceceresssenseeecssencrscroscenresessscsecsceeccees 4 

MUON GEOL Gail s2..... cece sce sneweeenseentsn=absisereisceeeseeleiseels cleans siineleler ele leone st eed e's etie a ete set ste eee 5 


LEPTONYCTERIS. 


Upper central incisors separated by wide interval. Proencephalon not forming an 
eminence on the brain case. No spine at upper margin of the anterior nasal aperture 
caused by union of the free margins of the nasal bones. Tail none. Second phalanges 
of third, fourth and fifth digits sharply flexed on the first. 


ants p Pee ape: ee licgtene 2 pes 2A a 
Dental formula: i. 4— e. +— prm. ?— m. 3 = 18. 


Leptonycteris nivalis Saussure. 


Auricle small, nearly one-half the length of the face, slightly emarginate at basal 
half outer border. Internal basal lobe scarcely free; external basal lobe convea, inner 
lappet crescentic. Tragus straight on inner, convex on outer side; basal lobe conspicuous. 
Nose leaf projects far beyond non-ribbed pedicle. The latter forms a wart-like contour 
imferrorly. The upper lip is narrow and provided with two inconspicuous nodules. Car- 
tilages at the end of digits are as in Glossophaga. Calcar rudimental, scarcely one-fifth 
the length of the tibia. 


Tongue furnished on sides and dorsum with minute, hair-like papille. The side of 


= 
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the mental groove furnished with an obscure row of minute warts and the chin beyond 
the groove thickened with gland clumps. 

Fur short, villose, longer on neck, above deep ash verging to gray, base white, below 
paler. On neck, basal part tawny, but abdomen almost unicolored. The hair is slightly 
whiter at pubis. Distal half of humerus (above and below) hairy—the rest of the limbs, 
except the base of thumb, second digit and all of dorsum of foot, covered with a sparse 
growth of short hair. 

The muscle fascicles on wing membrane are much the same as in Phyllonycteris. 
They are wide apart generally, but do not extend oyer so large a field. The reticulated 
arrangement of fibres near the forearm is conspicuous. The longitudinal lines in the 
third and fourth interspaces distinct. The nerve markings are characteristic. Both arise 
from the digits far above the joint, the anterior being at distal third of the fourth meta- 
carpal bones. 

The terminal cartilage of the fourth digit scarcely spatulate ; that of the fifth digit is 
terete and not free. In this respect Leptonycteris resembles the remote Phyllonycteris. 
The skin in the second interspace is not pigmented. 

The Skull—Skull not papyraceous ; proscencephalon not defined. The pretemporal 
crests subtrenchant and form a short, faint conjoined line with its fellow at the sagitta ; 
the scarcely discernible mesotemporal depressed, not reaching sagitta; pasttemporal reaching 
occipital crest. Face vertex with depression over ethmoid, but the nasal bones are scarcely 
defined in median line and not separated at all laterally from the concaye sides of the 
face. Fronto-maxillary inflation barely discernible and crossed by the orbital ridge. 
Alveolar process in height equals one-seventh the width of the neck of the upper canine 
and one-twenty-second the vertical diameter of the anterior nasal aperture. The depression 
between the lateral margin of the anterior nasal aperture and the root of the canine tooth 
much deeper than in Glossophaga soricina. Ascending process of zygoma rudimentary. 
The premaxilla weak in advance of the large incisive foramina; posterior border near the 
zygoma root not spinose. The-rounded notch at the mesopterygoid fossa midway between 
zygoma root and glenoid cavity. Scarcely any difference observed between the level of the 
basioccipital and the basisphenoid. The mastoid process acuminate. The tip of the 
pterygoid process in advance of the oval foramen. The nasals are incised at the anterior 
nasal aperture. The angle of the lower jaw acute, not hamular; it is on the same plane 
with the masseteric impression, not separated therefrom inferiorly by a notch, and projects 
backward beyond the condyloid process. Symphysis not carinate. The lower border of 
the masseteric impression carried in a semi-circular line beyond the horizontal ramus. 

The Teeth—Teeth crowded for the most part. Upper incisors as in Glossophaga 
soricina ; the central hatchet-shaped, separated by an interval. The lateral incisors as 
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large or larger than centrals. Canine concave on palatal surface. The first premolar with- 
out basal cusp and separated from the canine and the second premolar. The second pre- 
molar with basal cusp and in contact with the first premolar. The first molar much larger 
than the second, the paracone subtriangular, the outer surface of the paracone and mesacone 
are scarcely at all fluted, hence the W-pattern not evident. The second molar without 
fluting on the rudimental mesocone, hence the posterior limb of the second VY is absent. 

The single lower incisor which is seen in the two examples lies in close contact with 
the canine. The canines are large and divergent, projecting to the inner side of the lateral 
incisor. The three premolars are triangular with conspicuous cingules; lingual aspect of 
the first premolar concave and in contact with the canine; the second free from the first 
and the third premolar. The protoconid with a long anterior extension which has the 
value of a second functionalized cusp. The paraconid is small and placed slightly back 
of the protoconid. The mesoconid is higher than either of the other elements, and 
together with the hypoconid form a low, broad hee]. Molars slightly overlapping at 
buccal borders ; the metaconid and hypoconid are of great size with wide valley. 

Metatarsi equal; first row of phalanges decrease progressively from the second to 
the fifth. 

The measurements of Dobson do not agree in some respects with the three specimens 
examined. The thumb is smaller, while the first phalanx of the third finger is much 
larger. He states the “tail none or exceedingly short.” 

In the chornycterine alliance the genera Chernycteris, Lonchoglossa and Anura 
are placed. They have in common three premolars and three molars in each jaw.* 


CH@RNYCTERIS. 


Naked skin fold defining nostril laterally. Pterygoid process in contact with tym- 
panic bone. No phalanx to second digit. Length of forearm, 42 mm.; thumb, 7 mm. 


Dental formula: i. 4—c¢.+— prm. 2—m. 3 = 22. 


Choernycteris mexicana Tschudi. 


Auricle subelliptical, emarginate on posterior border; internal basal lobe large, 
entirely free from the head and hairy; external basal lobe small, acute ; internal lappet 
conspicuous. Tragus elliptical ; basal lobe simple, deflected backward.*+ 

Interfemoral membrane longer than tibia, semicircular.  Calear half the length of the 


* The only other forms possessing the same armament 


are the remote genera Vespertilio, Cerivoula, Natalus and 
Thyroptera. 


+ In one specimen the tragus exhibited near the tip two papille seen on both the anterior and posterior borders and 
an additional cluster of three on the posterior surface. 
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tibia; the tip projects shghtly beyond the interfemoral membrane; wing membrane 
attached at a point midway on metatarsus. Nose leaf acuminate, sparsely hairy.  Inter- 
nareal pedicle with midrib ; below two warts at median line in the short lip; outer flange 
at the nostril broad, tumid and gland-bearing. The gland mass proper well defined, but 
not across the face back of the nose leaf. 

Tail two-thirds the length of the femur and appearing free above the interfemoral 
membrane. Vibrissee on muzzle very long. Fur everywhere silky. Above, tips dark 
brown, the remainder of hair lighter brown. Beneath, lighter in shade, light brown, 
unicolored. No. 399, Acad. Nat. Sci., is smaller than the specimen named. The 
length of forearm is 33 mm. (about 1.50), and shorter than that assigned Chernyc- 
teris minor Peters. The calcaneum, however, is not as long as the foot. The central 
incisors are absent in the upper jaw. In other respects the specimen resembles C. meai- 
cana. I do not identify this specimen with C! minor, but regard it as a variation of 
C. mexicana. 

The Skull.—Skull papyraceous ; the divisions of the cerebellum and cerebrum discern- 
ible through the periphery. Temporal ridge almost ni/, not forming union at any part of 
the sagitta. Fronto-maxillary inflation absent, but the inner wall of the orbit and the 
fronto-nasal depression unite to form a ridge which bears a foramen. Face vertex without 
median fronto-nasal pit, but in its place a flat surface which bears a median ridge. No 
groove indicating positions of the nasal bones, but the outlines are seen through the 
translucent periphery. The sides of the face uniformly convex. The upper border of the 
anterior nasal aperture incised. The lateral margins of the anterior nasal aperture 
scarcely produced; the groove between them and the eminence over the canine teeth rudi- 
mental. The simple infraorbital foramen over the first premolar tooth. 

Alveolar process in height one-thirty-first the width of the neck of the canine and 
one-thirteenth the vertical diameter of the anterior nasal aperture. Six inconspicuous 
ruge. Zygoma incomplete. The infraorbital foramen on same vertical line between the 
second and third premolars. Hard palate acutely arched in molar range. The posterior 
border near root of zygoma with slightly convex margin; oval foramen well in advance of 
the pterygoid free tip which reaches the tympanic bone. The tympanic bone not 
reaching the postglenoid process. The palatal bone extends to the anterior lacerated 
foramen before forming the large subacuminate notch. Pterygoid process convex out- 
ward, forming bulla-like recesses. The mesopterygoid fossa with a faint vomerine ridge 
which is continuous with the conspicuous basioccipital ridge. The coracoid © process 
acute, deflected outward, the angle produced beyond, the condyloid process, and con- 
tinuous with the depressed lower border of the masseteric impression. Symphysis with 
pronounced carination. - Brain case, 16 mm. long; face, 14 mm, long; or the face almost 


as long as the brain case, 
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The Teeth.—Wide interval between upper incisors. The central as described by 
Dobson, is smaller than the lateral. But in two specimens examined by me the centrals 
were larger than the laterals. Both teeth are inconspicuous and scarcely raised above 
the gum line. The palatal surface of the slender canine flat. Of the two premolars 
present, the first possesses both anterior and posterior cingules and without increase of 
width back of the cusp. The second is without posterior cingule, but is widened 
back of the cusp. The first molar with paracone extending the entire length of 
the tooth, but sloping from before backward. Protocone and mesocone without buccal 
fluting or palatal ridges. The second molar as the first, but the protocone ends at the: 
beginning of the mesocone. The third molar as the second much smaller and all parts 
rudimental. 

The lower incisors deciduous. The slender canine with rudimental lingual cingule 
which does not extend beyond the level of the lateral incisor. The first premolar close 
to canine with cingule subequal to the cusp. The second and third premolars with cusp 
much larger than the prominent cingules. The first molar with protocone and paracone 
almost coalesced ; the protocone well advanced. ‘The posterior border of the tooth is 
furnished with a prominent cingule apparently developed from the hypocone. The first 
molar is separate from the third premolar and the second and third from one another. 

Chernycteris exhibits vertical muscle fibres in the endopatagium, the nerve markings 
of the interdigital spaces and the shapes of the terminal cartilage of the fourth digit in 
a manner quite the same as in Glossophaga, though the structure last named is less spatu- 
late than in that genus. 

Measurements.—Vhe first phalanx of the first digit shorter than the metacarpal; no 
phalanx is present in the second digit. The metatarsi and the first row of phalanges 
equal. 

Tongue attached to floor of mouth at the level of the space between the second and 


the third molars, or 12 mm. from the symphysis. Penis not pendulous. 
ANURA. 


Interfemoral membrane hairy ; tail absent ; wing membrane attached to midtarsus ; 
calcar absent; no phalanx to second digit; two warts on upper lip; groove in lower lip 


wide with many warts. First premolar large remote from canine. 


Dental formula: i, 4 — ¢, 2 ae Be ny 
rmula: i, 4 — c. + — prm, 3 — m, # = 22. 
Resemblance to Lonchoglossa verv clos m 
zonchoglossa very close. The general appearance the same even to 


the shape of the terminal cartilages of the phalanges. Skull and number of the teeth 


the same. But it is held that the tail, calear and phalanx to the second digit all being 
absent, separate Anura from the genus just named, 


~~ 
} 
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The first lower premolar possesses a small, anterior, basal cusp and is, therefore, almost 
as large as the other premolars. The main cusp throughout scarcely higher than ‘the 


basal cusp. 
Anura wiedii Peters. 


Auricle much the same as in Lonchoglossa. The tip of the tragus is pointed. Nose 
leaf simple, acuminate, no depression above nostrils. The gland mass at the side of the 
nostril continuous with that extending up to the side of the nose leaf. Upper lip with 
two equidistant warts. Jur everywhere long and silky. Above, apical third dark brown, 
basal two-thirds Isabella brown. Below, apical third Isabella brown ; basal two-thirds dark 
gray. Thus the arrangement of color is boldly contrasted with that of other forms in the 
group. Fleshy mass of forearm, the interfemoral membrane, the thigh and the feet 
covered with short hair. On the ventral aspect the forearm is covered with fur which 
extends thence a short distance on the interfemoral membrane. 

The proportions of the wing of Anuwra are those of a larger animal than Zoncho- 
glossa, though the thumb is of the same size. The lower extremities are almost identi- 
cally the same in size, the calcar alone being larger in Lonchoglossa. The absence of the 
phalanx has already been noted in Chernycteris. Alliance with this genus is suggested 
in the great width of the cleft in the lower lip and in the possession of warts on the 
upper lip. | 

The muscle fascicles and membrane markings are as in (lossophaga, but the 
terminal cartilages.of the fourth digital interspace while spatulate exhibit the limb on 
the somad side greatly prolonged. This character is not seen elsewhere in the group. 
The cartilage of the fifth digit while terete is also greatly prolonged on the free margin of 
the endopatagium. These characters indicate that there is more strain on the wing 
during flight than in any other genus. 

The Skull—The skull is almost identical with that of Lonchoglossa. The alveolar 
height is one-third the width of the neck of the canine and one-seventh the vertical dia- 
meter of the anterior nasal aperture. The zygoma by careful maceration is shown to be 
cartilaginous. A specimen of Lonchoglossa shows the same structure. The skull is 
24 mm. long. The brain case is 60 mm. long, and the face 40 mm. The lower border 
of the masseteric impression is not produced. Dobson’s figure, Pl. XX VII, Fig. 4, does 
not agree in all respects with our example. 

In 1830, Rengger (Naturgesch. der Stiugeth. von Paraguay, 80) described a species 
of bat under the name Glossophaga villosa. Since Wagner (Suppl. Schireb. Sdugeth.) 
assigns this forma place under Chwrnycteris, it is well to state that while G. villosa 
Rengger retains three premolars in both jaws, that the tail is absent, the interfemora] 

A, P, 8,—VOL. XIX, 2G, 
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membrane is but half an inch deep at the rump, and the lateral upper incisors are 
smaller than the centrals. The interfemoral membrane is hairy. This species 1s nearer 


Anura in most of its characters than any other genus in the group. 


LONCHOGLOSSA. 


Tail short; wing membrane attached to ankle; calcar present but small, about one- 
third the length of the tibia; a phalanx to second digit ; groove in lower lip narrow with 
a few inconspicuous warts; no warts on upper lip; basal part of nose leaf rudimental ; 
apical third of tongue filamentose ; interfemoral membrane not hairy. 


a 


Dental formula: i. 4—c. +— p.$—m. 3 = 22. 


The first lower premolar small and without anterior, basal cusp; the main cusps of 
the entire series twice the height of the basal cusps. 
The presence of the tail and a phalanx to the second digit are sufficient grounds to 


separate Lonchoglossa from Anura. 
Lonchoglossa caudifera Geoft. 


Auricle pointed, internal basal lobe bound down to head. External border faintly 
sinuate scarcely ; any eaternal basal lobe; the inner lappet large. Tragqus blunt at tip. 
Nose leaf simple, without pedicle ; lateral gland mass of base rudimental ; upper lip short, 
without warts. 

Large numerous vibrissee from face, especially from mentum. Filaments on tongue 
large, not meeting in middle line of dorsum. Wing membrane reaches to calcar. Seven 
rugee on the hard palate, the last two alone divided. The tail not quite as long as the 
short interfemoral membrane, the tip not free. 

The hair of the dorsum exhibits apical third brown, basal two-thirds pallid. Beneath 
paler, prevailing hue brown (but with scarcely a contrasted shade toward base), tending 
to become grayer, almost unicolored on loin. Limbs naked. , 

The wing markings both in the nerves and muscle ‘fascicles are as in G'lossophaga, but 
the terminal cartilage of the fourth digit is terete, and that of the fifth digit is small and 
scarcely deflected. 

The Skull—The bones yery thin, permitting the subdivisions both of cerebellum 
and cerebrum to be seen through the periphery. The pretemporal ridge unites with its 
fellow at the anterior fourth to form a faint, linear crest; the mesotemporal and_post- 
temporal ridges not separately defined, scarcely discernible. Fronto-maxillary inflation 
small. Face vertex without pit at the fronto-nasal region ; outlines of nasal bones not 
defined. Side of face convex. ‘The lateral borders of the anterior nasal aperture mod- 
erately produced. The foramina between the two premaxille near the incisor margin large, 
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The alveolar process so slender that it cannot be measured. The parts as viewed 
from in front embrace the floor of the nasal chambers at the premaxillary part and permit 
the median foramen to be seen. The zygoma without a trace of ascending process. The 
posterior palatal margin near the root of zygoma spinose ; the posterior palatal noteh with 
conspicuous spines. Pterygoid process almost reaching tympanic bone and extends 
beyond the oyal foramen. Mastoid process aciculate. Mesopterygoid fossa with incon- 
spicuous yomerine spine.  Basioccipital depressions shallow. The coronoid process 
scarcely raised above the level of the condyloid process. The deflected hamular angle 
projects in a marked degree beyond the condyloid. The lower border of the masseteric 
impression is produced conspicuously beyond the border of the ramus. Symphysis with 
large keel. One skull 21 mm. long; face 8 mm. long; brain case 15 mm. long. 

Upper Teeth.—The small central incisors separated by wide interval, and each tooth in 
close contact with the large lateral. The central incisor with ovoid crown scarcely wider 
than neck ; the lateral incisor projecting below the level of the central with crown wider 
than neck and conspicuously oblique outer border. The interval between lateral incisor 
and the canine no greater than in other genera. Canine with inner surface flat. I irst 
premolar one-half the size of the others; separated from the canine and the second pre- 
molar, but nearer the last-named tooth. The second and third premolar triangular, with 
large basal cingules. | 

The W-pattern of the molars discernible. In one specimen the long, sloping proto- 
cone with suggestion of hypocone, recalling the parts as in Macrotus ; in the second the 
teeth were without hypocone. Canine with rudimental heel. First premolar separate 
from the canine and second premolar. Second premolar separate from the first and third ; 
third premolar separate from the second, but contiguous to the first molar. First molar 
with cingule of the protocone extended forward, scarcely deflected inward and oyerlap- 
ping third premolar; protocone and paracone approximate, united at base. 

Lower Teeth—First lower premolar without anterior basal cusp, and is, therefore, 
much smaller than the other premolars. In the entire series of premolars the main cusp 
is twice as high as the height of the basal cusps. The first and second molars of 
the same plan with the foregoing, the third being slightly the smaller. 

The lower teeth with jaw are figured by Leche (/. ¢., Taf. I, Fig. 8). The first pre- 
molar is represented as being exactly like others of the series. This character would 
prevent the Lonchoglossa of Leche’s identification being received under Lonchoglossa 
caudifera of this essay. . 

Variations.—The above description is based on two specimens, which were subject 
to some variation. In one the pretemporal crests did not unite. In one the cusps of the 
teeth were much worn. 
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Notes on the Steleton.—Ribs thirteen ; first costal cartilage not wider than the rib. 
Humerus with pectoral erest relatively high, one-half the diameter of distal end of bone. 
The sternal crest after careful removal of the pectorals is very high and apparently with- 
out notch, but the greater part of the interpectoral septum is membranous. The phalanx 
of the second digit about as in Vespertilio. The metatarsi and first row of phalanges of 
toes equal. 

Measurements.—Forearm, 36 mm.; foot and thumb of same length, viz., 8 mm.; fore- 
arm, 1.85 mm. 

BRACHYPHYLLINA. 


I propose to establish the Brachyphyllina to include the genera Brachyphylla, 
and Phyllonycteris,® forms which have hitherto been assigned separate groups in the Phyl- 


lostomide, the first named to the Stenodermata and the second to the Glossophagina. 


Brachyphyllina. 

Leaf-nosed bats with tip of tongue retaining clump of papille extending across 
dorsum. In the Glossophagina the papille are arranged not only at the tip but the 
sides for great lengths. The minute first upper premolar wedged in between the 
canine and large second premolar; coronoid process acute, raised high above the level 
of the condyloid process. Mesopterygoid fossa deep, apex answers to the junction of the 
anterior and middle third of the zygoma. Nasal bones high, arched, defining a depres- 
sion between them and the maxilla. Sagitta entire with well-defined pretemporal crests. 
The glands of muzzle continuous behind nose leaf. Thumb large, one-fourth the length 
of the forearm, nearly. Auricle narrow, oval with pointed tip. Tragus coarsely serrate 
entire length of outer border. Upper lip hairy, without warts. Lower lip with shallow 
median groove, margined with large warts. Lips not fringed internally. 


BRACHYPHYLLA. 


Upper central incisors very much larger than the laterals. Length of forearm, 65 
mm.; that of thumb, 16 mm., this being about one-fourth the length of the forearm as in 
Phyllonycteris. Grinding surfaces of molars with numerous large mammillations, cuspi- 
dation distinct. Angle of lower jaw quadrate, massive ; nostril entire, the wide outer 
margin and the side of the rudimental nose leaf continuous. Tragus entire on inner 
border. The tail rudimental, one-fourth the length of tibia, and concealed in the inter- 
femoral membrane. 

Dental formula: i. 4 — c. 1 — prm. 2— m. 3 = 20. 
* JT have not studied Rhinophylla, but the conclusions arrived at after reading the accounts of Peters and Dobson 


induce me to place the genus in the same alliance with genera just named. But in the absence of material I am com- 
pelled to confine my comparisons to Brachyphylla and Phyllonycteris. 
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Brachyphylla cavernarum Gray. 


The auricle lanceolate with slightly convex margins, basal lobes rudimental. The 
tragus pointed, one-half the length of the inner margin of the auricle ; convex on thickened 
inner, and coarsely serrate on outer, margin. 

Nose leaf with entire nostrils and wide ectonareal flange ; erect portion of nose leaf 
rudimental—concaye and often minutely crenulate on midmargin. Supranarial margin 


concaye on either side of an obscure median ridge. Infranarial margin wide, continuous 


with upper lip and faintly incised. The basal gland-clump continuous across face—vertex 
back of nose leaf. The upper and outer parts are thick and bear a few coarse bristles, 
while the lower are thin and lost on the upper lip. Twelve warts are arranged in pairs 
on the side of a mental V-shaped group, the median groove being shallow. Two median 
warts may be said to have slight morphological significance. 

The fur above is yellowish white except the tip, which is brown. Below the tints 
are the same, but the shaft is more tawny and the tips much lighter. - The distal third of 
the arm above and below is covered with hair. The distal half of the thigh is similarly 
covered. A sparse growth of hair is limited to the upper half of the dorsal surface of the 
interfemoral membrane. ; 

The calcar is rudimental. The terminal cartilages of the fourth and fifth digits are 
uniform, elongated and scarcely wider at free margin than on the sides. The second 
interdigital space is almost devoid of pigment. The third space retains a vertical line for 
nearly its entire length, while the fourth exhibits one for about an inch near the free 
margin, the rest of the space being areolated. The endopatagium is furnished with 


numerous thick muscle fascicles ; near the tibia it is thick and leathery. 


Second. interspace, Third interspace, Fourth interspace, 
Pteral formula : : oe 
3 mm. 19 mm. 30 mm. 


The Skull—The walls of the skull are thin and permit the divisions of the brain to 
be discerned. The sagittal, pretemporal and occipital crests are well defined and tren- 
chant. The fronto-maxillary inflation is conspicuous and bears the pretemporal crest. 
The inner orbital wall is moderately convex, and is marked by a conspicuous foramen. 
The infraorbital foramen is placed well in advance of the orbit in line of the second 
premolar. The zygoma witli a rudimental ascending process at the posterior third, but 
none anteriorly to contribute to the limitation of the orbit. 

Lower Teeth—The incisors are stout, in continuous row. The palatal basal cusp is 
on level with the crown, which thus presents a broad, quadrate surface, marked in the 
middle from before backward by a ridge. Canine without conspicuous basal cusp. Pre- 
molars subequal, the first the smaller and triangular, the second with large basal cusp. 
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First and second molars with quadritubercular cusps well defined, a large mammillation 
on the anterior commissure of the second molar; the third molar triangular, tri- 
tubercular. 

Upper Teeth.—The central incisors are very large, triangular, nearly filling the 
interval between the canines. The lateral incisors are minute, not over one-fourth the 
size of the centrals. The anterior surface is coneaye; the crown is blunt and quadrate, 
with basal cusp and cutting edge equal. ‘The canine with anterior and posterior denticles, 
the posterior of the two being enormous and presenting the aspect of being an outshoot 
from the side of the crown. ‘The first premolar minute and of the same form as the 
lateral incisor. The second premolar large, triangular and projecting beyond the molars. 
The basal cusp (denterocone) conspicuous. Molars tritubercular, without W-shaped 
pattern, Several mammillations are present on the grinding surfaces. Third molar is 
one-half the size of the second. 


Measurements of Brachyphylla cavernarum. 


Millimeters. 

Head and body (from crown of head to base Of tail)...-seeseecereecerseeeeeteresseeteeeeeecsenerscscuesceces 66 
Length Of arm......scescccccseneccsseecenseceesceenauesecceee nesseeaesaeeeeeueccsssssraesescesee eeeeaserseeeane janeeeue 40 
Length of £0rearm.....scseeseceeeceecseccetssecseneeececececsueepeassencseeaacarsuna teeceeeeesueeseesseenenseewensesess 65 
First digit: 

Length of first metacarpal Done. ..:-+.+.+.::dsscoossosreasssonsceseeseasvltespee sanvesecedae are teeta tectEd 

Length of phalanges.......cssssssscenscescoserssssarscsceecenesseenssconesgnectnsccnsccnecsassensesnns cose 12 
Second digit: 

Length of second metacarpal DOne........-.ccseceseverssceseeeceeneeeescansencuesescesceceencsneescones 46 

Length of first phalanx.......csscsscsccovcsrecsecessenssscesesvessscsscssersseccecsrsssessscnccsscassscscons 5 
Third digit: 

Length of third metacarpal DONE........+:ssccsescsconsrsscessoccrssoererssaccnsesoesassenssavssosensse 55 

Length: of first phalanx icc ccces suede osascisisisissicessiceiecbieheine'eddeline acestce senses (tit terse sate neater ue 

Length-of second phalanx. .s....ssossecwssesscacesnscnsanadessnaead so necseals re cee ses ee mene nacre mete sas 5383 

Length of third phalanx.ccc..scateecevevessuswosceecowngssnaserats oe dna oot ae stiters ara te teal ater etaete ceed 11 
Fourth digit: 

Length of fourth metacarpal Done. ......0sc-.c.s.s--ksupe ons pusedees smhuNu Na UnWa Cees ames ienMmaaaees ae 51 

Length: of first phalanx:.5...020..000s-snesesnooncseane.oaeinsveeaeas anne comtnsres sete eet ee aise senicaee 15 

Length of second. phalanx. .,...i.:..c+ors-.ccsessssesseeseaceseencmtcee teen ter anee enema Shadbassoed cous ive 
Fifth digit: 

Length of fifth metacarpal DONC: ss.0.s0:5-00sescssusas ensdcosies Capatertt chee dousees= seta ar Tease ne eam tage 55 

Length of first phalanx... ..0..dseo+o.s0sssssvecsteecnecssesuseiyeencesiectes es ceeaten tates tment teseeeemee 15 

Length of second phalanx. .:.sc....s.-c0.s+esassseecioassetenecectoncieeater bets ren esen Matte eee a tena eaee 14 
Tienethh Of Dead... s.s.c.ces.ssssehoeccososcersesecooescgadenOascs to tee oeene sere eR Meer Ce eRER DS ME eRe De Teen eat ne a mnEmteE 34 
leightot fears seiersnceesscsoo one aceoemdoasren coher stare setts eeaS ee eee eae eae da slepiieaicble weet vestoniis praenm ecoeeeld 
Height of trapts.s..s.scssscccareee deetav ave denveeiseeacibucanuiiesd orders satiatelsttesalplen es ssecan ct teint tese tenes membane> 9 
Length of thigh: :..:dsesccoe....iocssrarttsseasesbecies Ocueel ae ese Litas fon hone By..23, 
Length of tibian...0:..ccc...cssecesseaddsecuebenes shsesidaiedd te ghee nee deneneE tt an emne ane Seecononge 27 
emp of £006. s<-:<00cvs 0. au9.o sagas seaveyane =sedawt sceaeeeneeee aaa sdiconseetecaesubacss seedeceere Sagsaee 29 
Length of interfeméral membrane.........= «sicss.ssssseesee eee ea eeeaeee ise diessene eeeeanecetaun fasts 0 21 
Bengt Of tail s......-..0s..0-co.cescenesssvens basvadap ec pee a ee Rantineathe ishesairaasect | ede nn0eeE 7 
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PHYLLONYCTERIS. 

Upper incisors separated from the laterals by wide intervals; naked skin-fold 
defining nostrils laterally ; nose leaf not reaching above the level of approximate club- 
shaped gland masses. Thumb the largest in the group nearly one-fourth the length of 
the forearm. Length of forearm, 45 mm. Teeth with cusps nearly obliterated, no W- 
pattern on molars. Large vacuity between occipital bone and pars-squamosal of the 
temporal. Fimbriz not arrangéd in rows, but form a uniform covering to the tip of the 

Bp 5 ) 5 | 
tongue. The first and fifth metatarsal bones longest. The first row of phalanges of third 
g 8 g 
to fifth digit of manus, same length as the second row. Calear wanting. Zygomatie 
) co) ran) JDO 


arches fibro-cartilaginous. 


Dental formula: i. 4+ — ce. + — prm. ? 


Phyllonycteris was described by Gundlach, but published under the care of Peters, 
who does not appear to have known the form. Gundlach correctly compares the genus 
to Brachyphylla. Dobson follows Gundlach closely, his description being little more 
than a translation of the original article. When he departs from the text he makes 
statements which do not agree with the specimen on which the present essay is based. 
Thus he says, “the incisors are as in Glossophaga; the molars like those of Carollia 
(Hemiderma), but the W-shaped cusps scarcely developed ;” whereas the upper lateral 
incisor is twice the size of the central and the zygoma may be complete. With the 


exception of the skulls, Dobson did not study Phyllonycteris at first hand. 
Phyllonycteris sezecorm Gundl. 


Auricle simple, ovate, with rounded pointed tip. Hxternal outline without subdivision 
or inner lappet near the base. Internal basal lobe scarcely free. Tragus convex on inner 
side, straight on outer. Both sides marked by three, coarse, teeth-like processes. Basal 
point scarcely longer. 

Nose leaf simple, obtuse with internarial pedicle. The perinarial flange is lamillar 
and distinct from gland mass. The structure last named well defined, apparently 
crossing muzzle back of the nose leaf, but two club-shaped masses are nearly approximate. 
Upper lip high without warts. Interfemoral membrane deeply incised, extending from 
distal third of the tail to the caleaneum. The tail is short, scarcely projecting beyond the 
interfemoral membrane. The fur long and silky above, light gray tipped, subtip sooty, 
the rest of the hair pale verging to white. Beneath much paler, nearly uniform gray. 
The tip of hair tawny, the rest of the hair of a somewhat lighter shade. 

Almost the entire field of the endopatagium filled with widely separated nearly 
equidistant vertical muscle fascicles, There is no reticulated arrangement of fibres, The 
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nerve markings in the fourth interspace as in Glossophaga except that from the fourth 
digit there are three instead of one nerve. The terminal cartilage of the fourth digit is 
obscurely spatulate. 

The Skull-—The skull not papyraceous, the division of the cerebellum, but not of 
the cerebrum, discernible on periphery. The pretemporal crest distinct. It begins over 
the moderate fronto-maxillary inflation to form a delicate crest by union with the fellow 
of the opposite side at the anterior third of the sagitta. “Mesotemporal and posttemporal 
crests not discerned. The orbital ridge is rudimental, but the frontonasal pit conspicuous 
at proximal end of the slightly convex nasal bones. The large infraorbital foramen 
lies over interval between second premolar and first molar and is thatched by a ridge. 
The alveolus (4. ¢., the distance from the central incisor, to the anterior nasal aperture) 
equals in height one-fifth of the base of the upper canine and one-eighteenth of the ver- 
tical diameter of the large, anterior, nasal aperture. The zygoma often complete.* The 
maxilla at root of zygoma with a very small ascending process. The premaxilla at the 
side of the anterior nasal aperture salient. Neither the groove between the nasal bones or 
the depression on the maxilla at the side of the nasal bones are conspicuous. The depres- 
sion between the aperture last named and the eminence over the canine is shallow. The 
hard palate just back of the last molar is sharply defined by a double crescentic trans- 
verse ridge; the palatal notch is acute and deep, the apex reaching the level of the 
anterior third of the zygomatic arch, the pterygoid process corresponding in position to 
the oval foramen. The tympanic bone touches the postglenoid process. The junction of 
the ethmoid and sphenoid bones in the brain case not convex. A vacuity is found in the 
line of junction of occipital and squamosal bones. 

_ The basioccipital bone with scarcely any pit-like depressions ; the yomerine ridge 
scarcely discernible in the mesopterygoid fossa. The mastoid process small, conical. 
The proportion of the face to the brain case is as 9 to 15 mm. 

Lower Jaw.—Coronoid process acuminate. The hamular angle not deflected or pro- 
jected beyond the condyloid process ; lower border of the masseteric impression not dis- 
tinguished from the corresponding border of the horizontal ramus. Back of the molars 
and at base of coronoid process a tubercle for insertion of temporal muscle is seen. 
Symphysis-menti broad, non-carinate, the surface near the incisors marked by coarse 
venous foramina. 

The Teeth—TVhe upper central incisors hatchet-shaped, contiguous ; laterals much 
smaller, not half the size of centrals and separate therefrom. The incisors not entirely 
occupying space between the canines. Canine broad at base, robust, convex entire length 


* Dobson (Cat. Chirop. Br, Mus.) in text states that they are incomplete, but acknowledges the fibro-cartilagium 
arch in a footnote, 
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of palatal surface. First premolar very small, nodular, about one-fourth the size of the 
second and not much larger than the lateral incisor. Second premolar triangular, with- 
out basal cusp; posterior half of palatal surface concave. Molars without well-defined 
cusps and decrease in size gradually from before backward. The third molar one-half 
the size of the second. The protocone, paracone and metacone scarcely indicated ; no W- 
shaped pattern.* 

Lower lateral incisors twice the size of the centrals; all are non-contiguous and 
nodular. Canine with conspicuous concave heel; all other parts convex; cingulum 
extends inward so as to lie back of the lateral incisor. The premolars thick and robust, 
subequal ; the first smaller. The molars decreasing in size from before backward without 
details. 

Of the measurements it is noted that the first phalanx of the first digit is scarcely 
longer than the metacarpal bone. In the second digit the single phalanx is one-tenth 
the length of the corresponding metacarpal bone. The entire second digit is as long as 
the third metacarpal bone. In the third digit the first and second phalanges are equal 
the third phalanx is nearly one-half the length of the second. The terminal cartilage of 
the fourth digit is moderately spatulate, and that of the fifth digit is deflected toward the 
body. ‘The wing membrane attached to the tibia at the distal seventh or to the ankle. 
Interfemoral membrane attached to tip of the small calcaneum. 


The Skeleton.—The sternum is boldly keeled over the presternum and metasternum. 
The ribs are twelve in number. The first costal cartilage is discoidal. The humeral 
pectoral crest is relatively low and not half the diameter of the proximal end of the bone. 
The fifth metatarsal bone is much the largest of the series. Palatal rugze eight, last three 
to four interrupted in centre. The first and fifth metatarsals are longer than the others. 
The bones of the first row of phalanges of the toes are equal. 

* Peters and writers following him give all glossophagine genera W-shaped pattern of molars. I have had no oppor- 


tunity of examining the type of Phyllonycteris in the Berlin Museum, but I have received through the kind offices of Mr. 
Paul Matschie a photograph of the skull which I find conforms to the account above given. 


A. P. 8.—VOL. XIx. 2.4, 
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Table of Measwrements (in millimeters). 


| 
| 
| 
| 


| & o a ] 2 . 3 4 cs a i 
Sa | 86185) BH) Se faeces 
| ee) 29 B el eae eae 
8 5. ape ape as 4m 
Head and body (from crown of head to base of tAL])...scececceceeteorecascesees AB | a8 57 55 40 42 | 39 
Length Of arm.....sscsccereressssnenssccsennscesensnersesoacneceecnsssecesant nunaaaussensars Eke (he; 20 20 920 25 
Length of forearm...ss-sssesseseeseesseseeseeceeeaenarerecsecsccsensessecesaneansgenan cas Poeye || epy) i) an 42 35 38 45 
First digit : | 
Length of first metacarpal DONE «+ eseeeeeeeeeeeseeeeeeeeceseceeeeeererewenees 4 | 4 | 4 4 3 3 x 
Length of first phalanx ...:essccecsseeseeeessteseesesestnnereneaaresseesen oes | 4 4 | 4 38 Wall. 2G) ” 
Second digit : | 
Length of second metacarpal DOne.....1++sserserscrssreereeeeeeeeesee essen 30 | 25 40 40 | 29+) 33 33 
Length of first phalanx.......cceeccceeseeeeeeeneeereetieeeeeer renner tienen aoa 9 3 0 Li ea Lie 3 
Third digit : | | | 
Length of third metacarpal bome.......-..-::sieeeeee sees ee eetenereeeesens | 34 | 30 47 | 45 | 37 38 38 
Length of first phalanx....cceseeeccccscseereeeseesseeeeeeeeeeeeereennne senna nens PTS aera 14 dp i cal? 13g) d4 
Length of second phalanx. .sssercceccscssereeereeeeeeeeetnteneeseseeseeeeeeeenes | 16 12 23 9] 18) 17291 14 
Length of third phalanx......ccccsseceecccereeessesaeeeneeeseaeescseeeeeeenenens " 6 8.50 ahaa 11 8 
Fourth digit : | | 
Length of fourth metacarpal Done...-seecce certs sees eeeeeeeeseeeenees |. 33 | 2d 42 40 34 37 35 
Length of first phalanx ....-..:::ceceeeeeesersereeesereeeeeeseeeneeeeeeeeeeeeeene 10 | 9 11 12 9 10 13 
Length of second phalanx....cceccecceccssssseeseseeeeeranseeceeseneeeneseeenes pet ie ag) 16 150 12 13 11 
Fifth digit : | | 
Length of fifth metacarpal bone.......-..sccsceeesseseeeeeeeeeseenaneeeeeenes | 30 | 27 40. | 35 30 30 35 
Length of first phalamx.....-........cseceseeeeesenerersnaeeeseeeeneeseneeersenens 9 | 8 10 10 | ” 8 11 
Length of second phalanx.......csssesesssscesseessseegenssrccecseensseeseeeeses 9 8 10 13 11 12 10 
Length of headl....srecciccnesseseceeccnsceesesssbunsenanaeasescssenssdareuceeaucneeseases 23 Q1 Q7 32 25 29 25 
Height Of CAT...0sevevescccccnncssesesorgsssacceseacanesercenenteassnssssanncssesneccass tances | 14 11 12 13 13 14 Twi 
Height Of Grag uss «coc sveveatcosstos shares saseiteusvcne aaseudsnteee shina este eae atten 4 83 4 5 4 43 5 
WMenP th OL Thigh és cseaisearssucessnenevereuesssenesostseeueces@alints sanescaiee ent amaee Peal ? 15 15 13 14 19 
Men gthy OF GUDIR ceewee«ceesavecseseerece'searensy aces ensceciei’s snteandta caw eeteee sane roa att 1h 20 17 1S 163 20 
Tien th: Of LOO bi wsaserserserensaccoreaseosidedga sede deventvasconts delaelas she eNet soe tee neta Bie ih age 12 10 1 7 13 
Length of interfemoral membrane in median line.........-..seceeesee eee seeee ee ee 10 9 | 20 4 6 7 
OTT OEe Ee earl Reeen net rea sihud iat | 5 2 Ball) ade liso alate 
| 


ee 


Novre.—The Secretaries deem it proper to state that this, as well as the succeeding paper, was presented to 
the Society after the author’s death, which lamented event occurred on November 14, 1897, and that, therefore, it 
has not had the benefit of his revision in its passage through the press, | 


EXPLANATION OF THE PLATES. 
PLATE VI, 
Fig. 1. Glossophaga soricina. Head seen from in front. X 2. 
Fig. 2. Glossophaga soricina. Skull vertex. X 3. 
Fig. 3. Glossophaga soricina. Skull profile. x 3. 
Fig. 4. Glossophaga soricina. Skull base. xX 3. 
Fig. 5. Glossophaga soricina. Jaws with incisors and canines seen from in front. X &. 
Fig. 6. Glossophaga soricina. Upper teeth. X 10. 
Fig. 7. Glossophaga soricina. Lower teeth seen from above. xX 10. 
Fig. 8. Glossophaga soricina. Left lower molars seen in profile from lingual aspect. The first molar is to the 
right. X 10. 
PLATE VII. 
Fig. 9. Glossophaga truct. Head seen from in front. X 2. 
Fig. 10. Glossophaga truet. Skull vertex.  X 3. 
Fig. 11. Glossophaga truet. Skull profile. X 3. 
Fig. 12. Glossophaga truei. Skull base. X 3. 
Fig. 13. Glossophaga trueit. Upper teeth.  X 8. 
Fig. 14. Glossophaga truet. Lower teeth seen from above.  X 8. 
Fig. 15. Glossophaga true. Left lower molars seen in profile from lingual aspect. The first molar is to the 
right. Xx 8. 
PLATE VIII. 
Fig. 16. Monophyllus redmani. View of head from in front, showing ear and nose leaf. X 2. 
Fig. 17. Monophyllus redmani. Skull of same. Norma verticalis. x 3. 
Fig. 18. Monophyllus redmani. Skull of same. Norma lateralis. X 3. 
Fig. 19. Monophyllus redmant. Skull of same. Norma basilaris. X 3, 
Fig. 20. Monophyllus redmani. Upper and lower jaws seen from in front. X 8. 
Fig. 21. Monophyllus redmani. Teeth of the same as seen from the surfaces of crowns. X &. 
PLATE IX. 
Fig. 22. Brachyphylla cavernarum. View of head showing ears and nose leaf. 
Fig. 23. Brachyphylla cavernarum. Skull of same. Norma verticalis. X 3. 
Fig. 24. Brachyphylla cavernarum. Skull of same. Norma lateralis. X 3. 
Fig. 25. Brachyphylla cavernarum. Skull of same. Norma basilaris. X 3. 
Fig. 26. Brachyphylla cavernarum, Upper and lower jaws seen from infront. X 8, 
PLATE X. 
Fig. 27. Brachyphylla cavernarum. 'Teeth of same seen from the surfaces of crowns. X 8. 


.28to 39. Brachyphylla cavernarum. 


. 40. 
. AL. 
. 42. 
. 43. 
. 44. 
. 45. 


Leptonycteris nivalis. 
Leptonycteris nivalis. 
Leptonycteris nivalis. 
Leptonycteris nivalis. 
Leptonycteris nivalis. 
Leptonycteris nivalis. 
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Terminal cartilages of the fourth and fifth digits. 


RLATE XI. 


Head seen from in front. 
Skull vertex. X 3. 
Skull profile. Xx 3. ~ 

Skull base. X 3. 

Jaws with incisors and canines seen from in front. 
x 8. 


x 2. “ 


<x & 
Upper teeth. 
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Fig. 


Fig. 


47, 


right. < 10. 


Vie. 


63. 


right. 
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Leptonycteris nivalis. Lower teeth. X 8. 
Leptonyeteris nivalis, Left lower molars seen in profile from lingual aspect. The first molar is to the 


PLATE XII. 


Chernycteris mevicana. ead seen from in front. X 2. 


Charnycteris mexicana, Skull vertex. X 3. 


Oharnycteris mexicana. Skull profile. X 3. 


Charnycteris meaicana. Skull base. X 3. 


Chernycteris mexicana. Jaws with incisors and canines seen from in front. X 6. 


Charnycteris mexicana, Upper teeth. X 10. 


Charnycteris mexicana. Lower teeth. X 10. 


Churnycteris mexicana, Left lower molars seen in profile from lingual aspect. The first molar is to the 


PLATE XIII. 


Lonchoglossa caudifera.  WWead seen from in front. X 2. 


Lonchoglossa caudifera, Skull vertex. X 3. 


Lonchoglossa caudifera. Skull profile. x 3. 


Lonchoglossa caudifera. Skull base. xX 3. 


Lonchoglossa caudifera. Jaws with incisors and canines seen from in front. X 8. 


Lonchoglossa caudifera. Upper teeth. X 8. 


Lonchoglossa caudifera. Lower teeth. X 8. 


Lonchoglossa caudifera. First and second right lower molars seen from lingual aspect. The first tooth 


Smo: 


Anwra wiedii. 
Anura wiedit. 
Anura wiedit. 
Anura wiedi. 
Anura wiedit. 
Anura wiedit. 
Anura wiedii. 


Anura wiedii. 


Phyllonycteris 
Phyllonycteris 
Phyllonycteris 
Phyllonycteris 
Phyllonycteris 
Phyllonycteris 
Phyllonycteris 
Phyllonycteris 


PLATE XIV. 


Ifead seen from in front. XX 2. 

Skull vertex. x 3. 

Skull profile. xX 3. 

Skull base. xX 3. 

Jaws seen from in front showing incisors and canines. X 8. 
Upper teeth. x 8. 

Lower teeth.  X 8. 


Left lower molars seen from lingual aspect. The first tooth is to the right. > 10. 


PATE ox Vs 


sezecorni. Head from in front.  X 2. 

sezecornt. Skull vertex. > 3. 

sezecornt. Skull profile. x 3. 

sezecornt, Skull base. xX 3. 

sezecornt. Upper teeth. x 10. 

sezecornt. Lower teeth.  X 10. 

sezecorni. Jaws seen from in front showing incisors and canines. X 8. 

sezecornt, Left lower molars seen from lingual aspect. The first tooth is to the right. Xx 10. 


TRANS. AM. PHILOS. SOC., N. S. XIX. PLATE VI. 


GLOSSOPHAGA SORICINA. 


TRANS. AM. PHILOS. SOC., N. S. XIX. PLATE VII. 


Nu 
ill 


GLOSSOPHAGA TRUEI. 


sn hana 


wai ; 


TRANS. AM. PHILOS. SOC., N.S. XIX. 


MONOPHYLLUS REDMANI. 


. 


PLATE VIII. 


ay, 
i 


PLATE IX. 


TRANS. AM. PHILOS. SOC., N.S. XIX. 


[EF yes cule Ra nepal aT ALAS A 


26 


BRACHYPHYLLA CAVERNARUM. 


PLATE X. 
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CHCERNYCTERIS MEXICANA. 


PLATE Xill. 
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PHYLEONYCTERIS SEZECORNI, 


ARTICLE VI. 


THE SKULL AND THETH OF ECTOPHYLLA ALBA. 
(Plate XVI.) 
BY HARRISON ALLEN, M.D. 


Read before the American Philosophical Society, January 21, 1898. 


In 1892 (Proc. U. S. Nat. Mus., 1892, No. 913, 441), I described a bat from 
Honduras under the name of Lctophylla alba. The single specimen was without skull. 
I haye been permitted through the courtesy of Mr. Oldfield Thomas, of the British 
Museum, to inspect a second example of the genus. The material consisted of a dried 
skin and a skull of a male individual which was mutilated by shot in the. ptery- 
goid and orbital regions. The specimen was collected at San Emilio, Lake Nic-Nac, 
Nicaragua.* 

The norma verticalis shows faint fronto-temporal lines which barely approximate near 
the bregma, but recede from that point posteriorly so that no trace of a temporal crest 
exists. The fronto-maxillary inflation is conspicuous and makes a swollen border for the 
upper and anterior orbital margins. The nasal bones are sharply elevated above the 
plane of the maxilla. Sufficient of the norma basilaris remains intact to show that the 
hard palate is elongated and the palatal bones are produced, thus separating the genus 
sharply from Stenoderma and its allies and allying it to Vampyrops (see Synoptical 
Key). The basioccipital bone is deeply pitted for muscular impressions. In this respect 
it presents a marked contrast with Vampyrops, in which this bone is nearly flat. The 
tympanic bone is small, leaving the greater part of the cochlea exposed. The norma 
occupitalis shows a weak occipital ridge. The junction of the ectopetrosal + surface of the 
pars-petrosa with the occipital bone is complete, while in Vampyrops a vacuity exists. 

The lower jaw retains a curved aciculate angle relatively twice the size of the same 

* The skin was badly mutilated by shot and the nose leaf and chin plates so distorted that no attempt’ is made to 
compare the parts with the original description. The second interdigital space is without pigment, head and neck both 
above and below are pure white. The lower third of the body both on dorsum and ventre is tipped with ash-gray. 


+ I propose naming that part of the pars-petrosa lying in the brain case the endopetrosal, and that lying exposed 
back of the pars-squamosa the ectopetrosal part (Journ. Acad. Nat. Sci., 1896, Philadelphia). 
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part in Vampyrops. ‘The masseteric muscle extends to the lower margin of the ascending 
ramus. The coronoid process is one-third smaller than in the genus last named. 


ce, + — prm. ? — m. # K 2 = 28. 


Dental formula: 1. 3 


The Teeth.—Upper incisors conical; the centrals larger than the laterals with rela- 
tively broader bases. The centrals are separated from each other by a smaller interval 
than exists between these teeth and the laterals, or between the teeth last named and the 
canines. The canines are slender and slightly longer than the second premolar. The 
first premolar is pointed, root much exposed and is about one-third the size of the second. 
The first upper molar is quadrate with trenchant marginal cusps in position of proto- 
cone, paracone and metacone; the crown defined by these elements is concave. The 
second molar is pyriform, the base being toward the palate. A pointed marginal cusp is : 
seen in the position of the paracone and a second in that of the metacone. The crown is 
concave and simple, save for a longitudinal ridge. The premolars and molars are separate 
from one another; the greatest interval being between the premolars. 

The lower incisors are blunt cones, contiguous, filling space between canines; the — e 
teeth last named are deeply excavate posteriorly. Premolars are aciculate, the first tooth 
almost touching the canine and is smaller than second. The second tooth is deeply con- 


: 

‘ 
, ; : 
cave posteriorly with a conspicuous heel and cusp. The molars are subequal, without W- 4 
pattern. ‘The first molar is obscurely quadrate, slightly narrowed in front with enormous ‘ 
sharply pointed paraconid; other cusps are absent; the lingual border is not raised. : 
The second molar is subrounded, no trace of cusps being present other than a longitudinal 
ridge in the middle of the deeply excavate crown. The front and lingual borders of the 


tooth are greatly elevated, the former furnished with two sharp processes, the latter 


crenulate. The teeth are all separated from one another beyond the canine, the smallest - 
interval being that between the canine and the first premolar and the widest: between the 
premolars. ; 


Lctophylla is in weak ia with Vampyrops. It resembles. this Sain 3 in ae upper 
incisors and first upper premolar being conical and in the prolong tion if the aan . _ ea 
bones. The shape of the lower first molar possesses a large arac but is wi i 5B Bee 


protoconid. In the dental characters last named Es 


Y os 


ates 


— derminee, Seeaae DCEO aed Derm 
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Trichocorys, the palate is rounded, as a rule excavated and rarely reaches a point 
answering to the anterior root of the zygoma; the lower jaw has no well-defined posterior 
border, the boldly deflected angle almost reaching the condyloid process. 

The position of Hetophylla in the Stenodermine is shown in the synoptical natural - 
key. Brachyphylla is an annectant genus to the Glossophagina through Phyllonycteris 
Artibeus, Dermanura and Sturnira apparently relate to the Vampyri, but while the 
structure of the molars is essentially that of this group, no annectant form is known. 
Sturnira in the simplicity of the tooth structure recalls Hemiderma. he relation 
between the remaining genera of the table is intimate. The Stenodermine constitute, 
with the exception of the Heamatophillia, the most aberrant group of the Phyllostomidide. 

I recognize, therefore, the following natural arrangement of the genera : 


Subfamily STENODERMATIN &. 


reve tuvap Gaul itr rieen eereeet ete hha otal ob ate cn Brachyphylla. 
( Artibeus. 
Sg SRE ee SS eee eee Lise 
Dermanura. 


| Sturnira. 


( Chiroderma. 
. . © as | 
PEO Ce Mal Th Ths de colack oy gneve) oes Bekins’: Vampyrops. 


Ketophylla. 
( Stenoderma. 
| Pygoderma. 
s a i Centurio. 
SE OLLOC ELIMI Tite ae lere aslen ee Seo : 
Trichocorys. 
Ametrida. 
! . 
| Spheronycteris. 


A Natural Synoptical Key of the Stenodermide, Based on Characters Derived from 
the Skull and Teeth. 


I. First lower molar elongate with paraconid distinct. 


a. Angle of lower jaw broad, scarcely pointed, concave above, not deflected, ascending 
ramus defined. Hard palate oblong, palatal bones produced. Upper incisors coni- 
cal, molars 3 ; crowns coarsely ridged ; all cusps of the first lower molar subequal... 

; Brachyphylla. 


Group Brachyphy]lini.... 


* Ohiroderma is not as near Vampyrops and Hetophylla as the members of other groups are to each other. 
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( a’. Angle of lower jaw narrow, aciculate, not deflected ; posterior border of ascending 

ramus defined ; hard palate oblong ; palate produced. 
b. Palatal bones extend to point answering to the middle of zygoma. Upper incisors 
flat ; first upper premolar broadly lanceolate ; crowns of molars rugose ; proto- 


conid and paraconid of first lower molar prominent, subequal, the others rudi- 


' mental. 
iy le ti 41 i of 4 . 
Group Artibeini......... } C. MOlars 2....00.seerssernsussasesncecerinn sericea escecmscesiehnscscmassne seennetelsesss sna, Artibeus. 
C!. MOMars % .cecssseeccscreressersecorccsrecscsensceceversseseeccsesecssoccsssscwoseenss Dermanura. 


b!. Palatal bones extend to point answering to the anterior third of the zygoma. 
Upper incisors conical, contiguous ; first premolar narrow lanceolate ; crowns 


of molars smooth ; all cusps of first lower molar subequal, anterior commissure 


| cuspidate ; molars Bi iscecsacsccccencscccscceensescesseseceererseseeesesaceeerseewenens Sturnira. 
Il. First lower molar subquadrate without paraconid. 


( d. Hard palate oblong, palatal bones produced. Upper incisors conical. 

e. Angle of lower jaw quadrate, not deflected, posterior border defined. 
Nasal bones absent in adult; palate bones produced nearly to 
the line of glenoid cavity. First upper premolar acicular ; first 

ct lower molar with protoconid and mesaconid subequal. Molars 2... 

Group Vampyropini...... Chadooe: 

e/. Angle of lower jaw acuminate, not deflected. Protoconid of first 
lower molar aciculate, enormous. 

f. Hypoconid first lower molar rudimental ; molars 2... Vampyrops. 
f'. Hypoconid first lower molar none ; molars 3............ Ectophylla. 


d'. Hard palate round, palatal bones scarcely, if at all,* produced. 
e/’. Angle of lower jaw rounded, deflected, posterior border ascending 
ramus not defined. 

g. Frontal bone in orbit greatly inflated ; palatal bones extend 
to a point answering to the anterior root of the zygoma ; 
pterygoids produced, inflated and nearly touching the 
panic bones; upper incisors conical; protoconid of 
first lower molar scarcely larger than other cusps ; hypo- 
conid of the same tooth marginal, rudimental molars oe 

Pygoderma. 

Group Stenodermini...< g'. Frontal bone in orbit not inflated ; palate bone produced 

to anterior third of zygoma; upper incisors co. cal ; 

protoconid first lower molar enormous ; hypocorid of 

same tooth marginal ; molars }.....seee-eeereeeeees Ametrida. 

g''. Frontal bone in orbit scarcely inflated ; hard palate with 

posterior margin excised; pterygoids not produced. 

Upper incisors flat; protoconid of first lower molar 
enormous. 

h. Palate excised to first molar ; hypoconid of first lower 

molar inside contour. Molars 2..........+ Stenoderma. 

h’. Palate excised to middle of first molar ; hypoconid of 


first lower molar marginal. Molars 2 ... Trichocorys. 


* Mr. O. Thomas (Ann. and Mag, Nat. Hist., 1889, p. 


70) first employed this character to separate this group from 
the foregoing, 
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Measurements of Ectophylla alba (in millimeters). 
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, In concluding the account of this interesting specimen, I will call attention to the 
molar teeth of Cephalotes, a member of the remote group of the Pteropodide. ‘The two 
genera, however, resemble one another in being frugivorous, in retaining few or no 
tubercles to the molars and, probably on this account, in exhibiting elongated crests in the ° 
centre of deeply excavate crowns. A tenable hypothesis for the origin of this central cusp 
may be expressed as follows. The grinding away of the crowns has gone on to a degree 
that brings the enamel cap down near to the division in the alyeolus, between the sockets 
for the roots of the teeth, so that this ridge acts as a point of resistance to further wear 
and leads to a reassertion of the principle of cuspidation at this point. 

A=P. 8. VOLS Sik. 2 I, 
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One of the most marked characteristics of the teeth of fruit-eating bats is the dis- 
position for the loss of cusps in the molar teeth. This takes place without intermediate 
grades so far as is known. In two of the three subdivisions of the Phyllostomidee it 


occurs as exceptions to the rule—Hemiderma in the Vampyri and Phyllonycteris in the 


Glossophagine, but is the rule rather than the exception in the Stenodermine. In the . 


Pteropodidee the tendency to the loss of cuspidation is the rule, the genus Pteralopex 
being the only exception. Such abrupt variation within the limits of small groups indicates 
that the tendency to external specialization has weakened the type and exposes it under 
the influence of environment, ordinarily acknowledged as active in modifying forms, to 


gross modification always on the side of deterioration. 


EXPLANATION OF PLATE XYI. 


Fig. 1. Eetophylla alba—norma verticalis. 
Eetophylla alba—norma lateralis. 


Ectophylla alba—upper and lower teeth. 
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Ectophylla alba—lower molar (profile). 
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g. 5. Eetophylla alba—ramus of lower jaw. 
Fig. 6. Cephalotes peroni—first right upper molar. 


Fig. 7. Cephalotes peroni—first and second right lower molars. 
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ECTOPHYLLA ALBA--CEPHALOTES 
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PERONI. 


PLATE XVIE 


AR rICEE VLE 
(Plates XVII and XVIII.) 
THE OSTEOLOGY OF ELOTHERIUM. 


IBINE ARIE 83., SSKGKOM NAD 


(INVESTIGATION MADE UNDER A GRANT FROM THE ELIZABETH THOMPSON FUND OF THE A, A. A. S.) 


Read before the American Philosophical Society, February 4, 1898. 


Hlotherium is one of the many genera of fossil mammals concerning which the 
growth of our knowledge has been exceedingly slow, and only of late has it become prac- 
ticable to give a complete account of its bony structure. The genus was named in 1847 
by Pomel (47 a, 6) and shortly afterward renamed Hntelodon by Aymard (48) from a 
better specimen, but for several years only the dentition was known and that imperfectly. 
In 1850, Leidy (50, p. 90) described the first American species, but, not suspecting its 
generic identity with the European forms, he at first referred it to a new genus, Archiwo- 
thervum. Leidy’s material enabled him to give a fairly complete account of the skull. 
Kowalevsky, in 1876, described an imperfect skull found in France and he further 
showed that the feet were didactyl, a very unexpected fact in view of the pig-like char- 
acter of the dentition. In this country Profs. Marsh and Cope have added materially to 
our knowledge of this remarkable animal (Marsh, ’73, 793, 94; Cope, ’79) and the 
former has published a restoration of one of the species. In spite, however, of this list 
of workers who haye, from time to time, occupied themselves with the study of Hlothe- 
rvum, much still remains to be learned regarding its structure, and its phylogenetic rela- 
tionships are even more obscure. 

In the summer of 1894, Mr. H. F. Wells discovered in the White River Bad Lands 
of South Dakota certain bones, which; with the expenditure of infinite pains and skill, 
were excavated from the rock by Mr. J. B. Hatcher, and which proved to be a most 
remarkably complete skeleton of Hlotheriwm. This beautiful specimen (Princeton Mu- 
seum, No. 10885,) formed the subject of a preliminary communication which I made to 
the third International Zodlogical Congress, at Leyden (Scott, 96), and will be more fully 
described in the following pages. Except for a single thoracic vertebra (and perhaps ¢ 
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few caudals) and part of the hyoid apparatus, the skeleton is complete ; it is represented 
in Pl. XVII, which will enable the reader to judge of its unusual state of preservation. 
Additional material, belonging to several species, will also be made use of for purposes of 
of comparison, but the description will deal almost exclusively with the White River 
forms. 

The Artiodactyla may almost be designated as the despair of the morphologist. So 
manifold are the forms which this puzzling group has assumed, and so variously are the 
characteristics of its minor groups combined, that the confusion seems hopeless. ‘The 
only way in which this tangled skein can be unrayeled and its many threads separated 
and made straight, is by the slow but sure method of tracing the phylogenetic develop- 
ment of each family step by step from its incipient stages. Many years must pass before 
sufficient paleontological material has been gathered to make this possible, but already 
some progress has been made in the work. Each successive form in a series, as soon as it 
is recovered, should be fully described and illustrated for the benefit of other workers, a 
necessity which must excuse the minuteness of detail into which the following deserip- 
tion enters. For the sake of convenience the entire bony structure of the animal will be 
described, including those parts which are already well known, in order that the reader 
may be spared the trouble of searching through many scattered papers, written in several 
languages. 

I. Tue Denrition. 

The teeth of Hlotherium are already familiarly known and require but a brief account 

here. The dental formula is I 3, C4, P 4, M 2. 


A. Upper Jaw.—The incisors, three in number, increase regularly in size from the 


first to the third, the latter being much the largest of the series; it has a conical or some- 
what trihedral crown and resembles a canine in shape and appearance. In some indiyid- 
uals the crown of this tooth is worn in a peculiar manner, a deep groove or notch being 
formed on its posterior side, in a place where it cannot have been made by the attrition 
of any of the lower teeth. The other incisors have spatulate crowns, with blunted tips, 
the attrition of use wearing down the apices as well as the posterior faces of these teeth. 
This description applies more particularly to the larger White River species, such as 
Li. ingens and E. imperator ; in FE. mortoni the upper incisors are of more nearly equal 
size and more conical shape. In all, the median incisors are separated from each other 
by a considerable notch, and the whole series is much more extended antero-posteriorly 
than transversely, the external incisor standing behind the second one. I 3 is separated 
by a short diastema from the canine and at this point the premaxillary border is quite 
deeply notched to receive the lower canine. 


The canine is a very large and powerful tusk, with a swollen, gibbous fang; the - 
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crown is long, massive, recurved, and bluntly pointed; it is oval in section, and has a 
prominent posterior ridge. 

The premolars are very simple in construction. The first three are well spaced 
apart and have compressed, but thick, conical crowns, without accessory cusps of any 
kind, and each is implanted by two fangs. In size, they increase posteriorly and p 2 has 
a decidedly higher crown than any other premolar. P 4 is smaller than p 2 in every 
dimension except the transverse, this diameter being increased by the addition of a large 
internal cusp (the deuterocone) and the crown is carried upon three fangs. In the 
smaller species of the genus, such as 4. mortoni, p * and p 4 are placed close together, 
while in the larger forms these teeth are separated by a short space, and the diastemata 
between the other premolars and between p 41 and the canine are relatively somewhat 
greater, the enlargement of these teeth hardly keeping pace with the elongation of the 
muzzle. In the European species, #. magnum, the arrangement of the premolars is 
somewhat different, p 2, 3 and 4 forming a continuous series, while p 1 and 2 are quite 
widely separated. 

The molars are relatively quite small; m 2 is the largest and m 3 the smallest of the 
series. The crowns are low and bunodont, bearing six tubercles arranged in two trans- 
verse rows. ‘The hypocone,. though functionally important, is decidedly smaller than the 
protocone, and structurally is still a part of the cingulum. Schlosser is, however, mis- 
taken in supposing that there is any important difference between the American and the 
European species of Hlotherium with regard to the position of the protocone. In m 2, 
which has a more oyal crown than the other molars, the sexitubercular pattern is 
obscured by the development of numerous small tubercles upon the hinder half of the 
tooth. The cingulum of the molars is quite strongly marked, especially upon the ante- 
rior and posterior faces. 

B. Lower Jaw.—The incisors resemble those of the upper jaw, except that they are 
of more nearly equal size and somewhat more spatulate shape; iz is little enlarged and 
is much smaller than the corresponding tooth in the upper jaw. 

The canine is a very large, recurved tusk, like the upper one in size and shape; it 
bites between the upper canine and enlarged external incisor, the three teeth together 
making up a very formidable lacerating apparatus. An interesting hint as to the habits 
of this animal is given by a peculiar mode of wear of the lower canine which occurs in 
some well-preserved specimens. In these we find a deep groove on the posterior face of 
the tooth, beneath the enamel cap and close to the level of the gum. No other tooth can 
reach this point to cause such a mode of attrition, and the groove is doubtless due to the 
habit of digging up roots with the lower tusks; the pull of ‘the roots, especially when 
covered with sand or other gritty material, would naturally wear such a groove.* The 


*This ingenious and highly probable explanation of a somewhat puzzling fact was suggested to me by my 
colleague, Prof. C. F. Brackett. 


‘ 
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same explanation applies to the curious notches sometimes worn in the external upper 
incisor. ‘The numerous specimens examined do not indicate that there was any difference 
between the males and the females in the size of the canines, the tusks being invariably 
large and powerful. If, as here suggested, the canines served other purposes than those 
of weapons, the lack of any such sexual difference would be intelligible enough. 

The premolars are very simple and quite like those of the upper series in shape ; 
their crowns are massive, compressed cones, without additional cusps. The cingulum is 
usually prominent, but varies in the different species. Ps is much the highest of the 
series, especially in EL. imperator, where it rises to the full height of the canine, and gives 
a very characteristic appearance to the lower dentition. P > has its posterior face flat- 
tened, forming an incipient fossa with a number of small tubercles in it. Pg and q stand 
quite close together, and p ; is separated by a short space from the canine, while pz is 
isolated by considerable diastemata both in front of and behind it. 

The lower molars are small in proportion to the size of the jaw and to the space 
occupied by the premolar series. In size they increase posteriorly, and they have a 
simple, quadritubercular pattern, the crowns surrounded by a strong cingulum. There 
is much variation in the development of the fifth or posterior unpaired cusp (hypoconu- 
lid); it is frequently absent and represented only by a strong cingulum, though some- 
times it is present as a distinct cusp on m7 or mz. _ It is less commonly found on m z 
and only in the very large E. leidyanum is it well developed. 

The Milk Dentition.—The temporary canines and incisors differ from the permanent 
ones only in size. It is uncertain whether the first premolar, in either jaw, has a prede- 
cessor in the deciduous series, none of the specimens distinctly showing such a predecessor. 
In one individual, however, the tip of p 1 is just visible in the centre of a large alveolus, 
from which a milk-tooth has apparently been shed. If this change does actually oceur, it 
must take place at an early stage, and, on the whole, it seems probable that, at least in the 
upper jaw, the number of deciduous premolars is four. Dp 2 has a compressed, elongate, 
conical crown, without accessory cusps of any kind; it is carried on two widely separated 
fangs, and is isolated by diastemata both in front of and behind it. Dp ® consists of 
three principal cusps. The antero-external cusp (protocone) is an acutely pointed pyra- 
mid, while the postero-external cusp (tritocone) is lower and smaller. The internal cusp 
(tetartocone) is posterior in position and placed on the same transverse line as .the trito- 
cone, while between the two is a small econule. The cingulum is distinct on the front and 
hind faces, obscure on the outer and absent from the inner face of the crown. Dp * is 
molaritorm, but differs somewhat from the molar pattern in the fact that the postero- 


internal cusp is even more distinctly an elevation of the cingulum and that the posterior 
conule is double. | 
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The lower milk-premolars are even simpler than the upper; dp and s are com- 
pressed and conical, without accessory cusps, but with serrate edges and sharply-pointed 
summit. Kach of these teeth is supported upon two fangs. Dp z is of the usual artio- 
dactyl type, consisting of three transverse pairs of cusps, of which the median pair is the 
largest, and the anterior pair the smallest. A small talon is formed by the elevation of 
the cingulum in the median line, behind the posterior pair of cusps. | 

This account of the milk dentition applies only to . mortoni; I have not seen these 
teeth in the larger species. 
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Il. THe SKULL. 

The skull of Elotherium is one of the most remarkable features of this very curious 
animal. It is characterized by great length and slenderness, with the supraoccipital and 
nasal bones lying in the same horizontal plane. The muzzle is exceedingly long and 
narrow, and tapers somewhat anteriorly, though expanded by the sockets of the great 
tusks; the orbit has been shifted far back, its anterior border being, in some species, over 
m 2, and in others above m 3. The cranium is short and of absurdly small capacity, 
which, with the great temporal openings, gives an almost reptilian appearance to the 
skull when viewed from above or below. The sagittal crest is very high and thin, and 
the zygomatic arches, though rather short, are enormously developed. One of the most 
peculiar features of the skull is the great, compressed plate which is given off from the 
ventral surface of the jugal and descends below the level of the lower jaw, and this gro- 
tesque appearance is further increased by two pairs of knob-like processes on the ventral 
borders of the mandible. The occiput (Pl. X VIII, Figs. 1,2) is high and very broad at 
the base, but narrowing rapidly to the summit; above the foramen magnum it forms a 
broad, flat projection of almost uniform breadth, with a very deep fossa on each side of it. 

The basioccipital is stout and rather short, keeled in the median ventral line and 
slightly contracted to receive the auditory bulla ; at its Junction with the basisphenoid it 
forms a pair of small, roughened tubercles. The exoccipitals are very large bones, espe- 
cially in the transverse direction along the base of the occiput, dorsally they narrow fast. 
Above the foramen magnum they form the very broad, prominent and nearly square pro- 
jection which has already been mentioned ; this is thick and is filled with cancellous bone, 
the fossa for the vermis of the cerebellum making but a slight depression upon its internal 
face. On each side of the projection is a large and deep triangular fossa, which, how- 
ever, is not confined to the exoccipital, the periotic and squamosal both being concerned in 
its formation. The inferior part of the exoccipital extends widely outward, reaching to 
the line of the glenoid cavity, and ending in the large, prominent and massive, but not 
elongate paroccipital process. In this region the exoccipital is brought very close to the 
zygoma, but, ventrally at least, does not quite touch it, a narrow band of the tympanic inter- 
vening between them. The foramen magnum is strikingly small and of a transversely oval 
shape. The occipital condyles are relatively rather small, especially in the vertical dimen- 
sion, laterally they are well extended, and they are widely separated both above and below. 
In the very large E. imperator the external angles of the condyles are abruptly truncated 
in a curious way, and bear flat articular surfaces, though in some individuals this trunca- 
tion is found only on one side; while in the smaller species the condyles are of the usual 
form. The supraoccipital is a large bone, widest at the base (7. ¢., the suture with the 


exoccipitals) and narrowing dorsally. Superiorly it is drawn out into two posterior wing- 
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like processes, such as are found in Oreodon and other White River ungulates. Between 
these wings the hinder face of the bone is concave and at the bottom of this concavity are 
-two small, but profound pits. The supraoccipital is continued over upon the roof of the 
cranium and forms a part of the sagittal crest. 

A considerable part of the periotic is exposed on the surface of the skull, at the bot- 
tom of the lateral occipital fossa, where it is enclosed between the exoccipital and the 
squamosal ; it does not give rise to any distinct mastoid process. 

The occiput of the European species, /. magnum, as figured by Kowalevsky (76, 
Taf. XVII, Fig. 5), is different in many details from that which characterizes the Amer- 
ican species. It has more of an hour-glass shape, not so wide at the base, more contracted 
in the middle and more expanded at the top, but with much less conspicuous wing-like 
processes, and it has no such projection above the foramen magnum, nor such deep lateral 
fossee. The condyles are larger and of an entirely different shape, having their principal 
diameter vertical, instead of transverse. The paroccipital processes are longer, more com- 
pressed and not so widely extended laterally. The foramen magnum is large and of more 
nearly circular outline. 

The basisphenoid is narrower than the basioccipital and is not keeled on the ventral 
surface, but is otherwise like that bone. So much of its course is concealed by the union 
of the palatines and pterygoids along the median line that its length cannot be deter- 
mined, while the presphenoid is nowhere exposed to view. 

The tympanic is very extensively developed (Pl. XVIII, Fig. 1). Part of it is inflated 
into an oval, somewhat flattened and rather small auditory bulla, which differs from that 
of Hippopotamus and of all existing suillines in being hollow and not filled up with 
spongy tissue. On the outer side of the bulla the tympanic is extended as a narrow strip, 
which broadens considerably between the squamosal and the exoccipital, with both of 
which it articulates suturally, as well as with the alisphenoid in front. The bulla itself 
terminates anteriorly in a blunt spine. 
~The alisphenoid is small and forms very little of the side of the cranium. It is most 
elongate antero-posteriorly along the ventral line, but has hardly any distinctly developed 
pterygoid process. At the line of the sphenoidal fissure, which notches but does not per- 
forate the bone, the alisphenoid is narrowed, to expand. again at its suture with the parie- 
tal and frontal. The orbitosphenoid is relatively rather large, but is low in the vertical 
dimension, and does not extend upward into the orbit proper. Two sharp ridges on the 
external face of the bone enclose a V-shaped groove, in which lie the optic foranien and 
foramen lacerum anterius. : 

The parietals are very large proportionately to the size of the cranium, but quite 
small as compared with the entire length of the skull; they roof in most of the cerebral 
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chamber, but toward the ventral side they rapidly contract, forming narrow strips 
between the squamosal and frontal. Throughout their length the parietals unite to form 
the very high, thin and plate-like sagittal crest, which is one of the most characteristic 
features of the skull. In the European species, £. magnum, this crest has a remarkably 
straight and horizontal course, but in the known American species it is gently arched 
from before backward. Large sinuses are developed in the parietals, so that the cerebral 
chamber is even smaller than it appears to be, when viewed from the outer side. These 
sinuses extend over the entire roof of the cerebral fossa, even invading the supraoccipital ; 
they appear to be traversed by numerous small trabecule, the ends of which are seen, in 
the sagittal section, embedded in the matrix which fills the sinuses. 

The frontals are much larger than the parietals. In the postorbital region they are 
very narrow, in conformity with the very small size of the brain, but at the orbits they 
expand widely to form the broad, lozenge-shaped forehead, which is convex from side to 
side, though slightly depressed, or “dished” in the middle; the supraciliary ridges are 
very inconspicuous. Anteriorly the frontals diverge to receive the nasals between them, 
sending forward long, pointed nasal processes, which, owing to the great elongation of the 
muzzle, are widely separated from the premaxillaries. The orbit is large and projects 
prominently outward ; it is completely encircled by bone, the long and massive postorbital 
process of the frontal uniting suturally with the shorter process of the jugal. The orbits 
do not rise above the level of the forehead, as they do in Hippopotamus, and present 
more anteriorly, less directly outward, than in that animal. Mention has already been 
made of a groove on the orbitosphenoid, which terminates below and behind in the fora- 
men lacerum anterius; this grooye is continued upward and forward upon the frontal, 
steadily widening as it advances. The postero-superior ridge bounding the groove is the 
more prominent; it extends almost to the postorbital process, from which it is separated 
by a distinct notch, while the antero-inferior ridge dies a vay within the orbit. In most 
of the American species the forehead rises very gradually and gently behind to the sag- 
ittal crest, but in /. ingens the rise is much more sudden and steep. The frontal sinuses 
are large, giving the convex shape to the forehead which has been described ; these 
sinuses appear to communicate with those formed in the parietals. 

Except posteriorly, the sgwamosal forms but little of the side-wall of the cranium, its 
suture with the parietal curving abruptly downward and forward; its compressed and 
prominent hinder margin forms nearly the whole of the lambdoidal crest, though a con- 
tinuation of it extends upward upon the supraoccipital, ending in the wing-like processes 
of that bone. The zygomatic process is enormously developed; it extends widely out- 
ward from the side of the skull as a massive, vertical plate, which is shaped much as in 
Eippopotamus, and is not continued forward as a broad, horizontal shelf, such as is found 
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in Sus. The superior border curves upward into a great, hook-shaped process, which 
resembles that seen in Merycochwrus, and gives a highly characteristic appearance to this 
region of the skull. That portion of the zygomatic process which is directed anteriorly 
is short and, though massive, is much less so than that which extends out laterally ; in 
front it is received into a notch of the jugal. The glenoid cavity is large, transversely 
directed and quite deeply concave, though the postglenoid process is not strongly deyel- 
oped and is hardly more conspicuous than the preglenoid ridge. This disposition is 
unusual among the ungulates, but it occurs also in the Eocene genus Achwnodon and in 
the modern Dicotyles. The glenoid cavities of the two sides are very widely separated, 
their inner margins lying external to the line of the paroccipital processes. The posttym- 
panic process of the squamosal is small, and is closely applied to the paroccipital process, 
The shape of the zygomatic arches, together with the extreme narrowness of the cranium 
proper, causes the temporal openings to be very large and to appear widely open when 
the skull is viewed from above. These openings are, however, less extended transversely 
and more antero-posteriorly than in Hippopotamus, while in Sus they are hardly visible 
from above. 

The jugal isa very remarkable bone and constitutes one of the most extraordinary 
features of the Hlotherium skull. Posteriorly it is notched to receive the zygoma, and 
sends out a process along the ventral face of that bone, extending to the preglenoid ridge. 
The jugal forms the inferior half of the nearly circular orbit, and for this purpose its 
dorsal border is made deeply concave, giving off a stout postorbital process to meet that 
of the frontal, while anteriorly it is moderately expanded upon the face in front of the 
orbit, where it is wedged in between the lachrymal and the maxillary. The most pecu- 
liar feature of the jugal, however, is the immensely developed vertical plate, which 
descends from beneath the orbit downward and outward to below the level of the ven- 
tral border of the mandible, recalling the similar, but much less massive processes found 
in certain edentates, e. g., Megatherium. ‘These plates are laterally compressed, but quite 
thick, and when the skull is viewed from the front, they are seen to diverge quite 
strongly downward ; their shape varies in the different species. In the very large forms 
from the Protoceras beds, such as /. imperator, the process retains its plate-like form 
throughout, its free end being only moderately thickened. This appears to be true also 
of H. morton, though my material is not sufficient to allow me to make this statement 
positively, but in the large species from the Titanotherium and Oreodon beds (42. ingens) 
it forms a club-like thickening at the tip, which in /. ingens is coarsely crenulate on the 
posterior border (see Pl. XVII). These processes are, so far as is yet known, quite unique 
among the hoofed mammals, and it is difficult to form even a conjecture as to what their 


functional significance may have been. Some misunderstanding has arisen as to the spe- 
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cies in which these jugal plates are found. Nothing is known concerning their presence 
or absence in the European representatives of the genus. Leidy’s material gave him no 
reason to suspect their occurrence in the species described by him, and he consequently 
restored the zygomatic arches without them (’69, Pl. XVI). Marsh first discovered the 
processes in a skull of the species named by him £. crasswm, and it has sometimes been 
assumed that they were more particularly characteristic of that form. As. a matter of 
fact, they have been observed in all of the American species of which well-preserved 
skulls are known, viz., 2. mortoni, E. ingens, and E. imperator, and, in all probability, 
all the American forms, at least, possessed them. 

The lachrymal is a rather large bone and forms nearly half of the anterior boundary 
of the orbit. On the face it is expanded into quite a large plate, which articulates below 
with the jugal, in front with the maxillary, and above with the frontal, the long anterior 
process of which prevents any contact between the lachrymal and nasal. In Hippopota- 
mus the very short, broad frontal has no anterior process, and so the nasal and lachrymal 
are connected, as they are also in Sus. Within the orbit the lachrymal is but little 
extended; the foramen is single, very small, and placed inside the orbital margin. The 
lachrymal spine is very low. 

The nasals are narrow, slender and very much elongated. Their greatest width is 
at the anterior end of the nasal processes of the frontal, and here is also their greatest 
transverse convexity; from this point they narrow and flatten, both in front and 
behind. <Anteriorly they contract very gradually and terminate in sharp points, with 
their free ends quite deeply notched. In /. ingens the nasals appear to be relatively 
shorter than in the other species. In Hippopotamus these bones have much the same 
shape as in Llotheriwm, but they narrow more abruptly behind the point of greatest 
width, and their free ends are not notched. In Sus the nasals are truncated posteriorly _ 
and in front their free tips project far beyond the borders of the premaxillaries. 

The premaxillaries are very large and heavy bones, the horizontal or alveolar portion 
especially so. Posteriorly, this portion is constricted, forming a groove for the reception ~ 
of the lower canine, expanding again in front to carry the large incisors. The palatine 
processes are not much developed, the very large incisive foramina leaving but little 
space for them ; the spines are long and slender, extending behind the canine alveolus. 
The ascending ramus of the premaxillary is low and rises gradually behind, and though 
broad at first, it rapidly becomes very slender, terminating behind in a fine point. 
Though these bones in Hlotherium have a very different appearance from the immensely 
enlarged premaxillaries of Hippopotamus, yet both may have been formed by divergent 
modifications of a common plan. 


The maxillary is greatly extended antero-posteriorly, in correspondence with the 


THE OSTEOLOGY OF ELOTHERIUM. 283 


elongation of the whole muzzle; its facial portion is low, gradually diminishing in height 
forward, where its suture with the premaxillary forms a very gentle, sweeping curve. 
The longest suture of the maxillary is that with the nasal, the connection with the frontal 
being very short, owing to the extension of the lachrymal. Posteriorly, this bone pro- 
jects but little beneath the orbit, which has an imperfectly developed floor, and the pro- 
jection which it sends out to the jugal is much less massive than in Hippopotamus. The 
face gradually narrows forward, until it reaches the infraorbital foramen, expanding 
again in front of the foramen and swelling out into the prominent canine alveolus. The 
palatine processes of the maxillaries are long and narrow, and as the molar-premolar 
series of the two sides form almost straight and parallel lines, the bony palate is of nearly 
uniform width, slightly concave transversely, but almost plane antero-posteriorly. In 
front, these palatine processes are deeply emarginated by the large incisive foramina, and 
in the median line are still further notched to receive the long premaxillary spines. 

The palatines make up but very little of the bony palate, forming only a narrow 
strip in front of the posterior nares, and narrow bands along the sides. The palatal 
notches are small and shallow. The pterygoids are elongate, but quite low; there are no 
hamular processes or pterygoid fossee; the two bones meet suturally along the median 
dorsal line, completely concealing the presphenoid from view. The posterior nares are 


long, narrow and low, extending forward to the middle of m ? 


; the opening gradually 
contracts posteriorly, where it becomes very narrow, while the side-walls slope upward 
and die away upon the alisphenoids. Anteriorly the nares are divided by the very large 
vomer, which is distinctly visible, and which at its hinder termination expands into a 
transverse plate, articulating with the palatines. The meeting of the two pterygoids 
forms a small canal, which appears to overlie the whole length of the posterior nares and 
to open forward into the nasal chamber on each side of the vomer. This is a very excep- 
tional arrangement, and I am unable to. suggest what its functional meaning may be 
(see Pl. XVIII, Fig. 1, c). 

The cramal foranina are, in some respects, quite peculiar. The condylar foramen is 
large and conspicuous, being placed well in front of the condyle ; it is, however, smaller 
than in the specimen of 4. magnum which Kowalevsky has figured. The close approxi- 
mation of the paroccipital and stylomastoid processes, and the outward extension of the 
tympanic between them, have given a somewhat unusual position to the postglenoid and 
stylomastoid foramina ; they are crowded close together at the postero-external angle of 
the auditory bulla, and both of them perforate the enlarged tympanic bone. ‘The fora- 
men lacerum posterius forms a long, narrow and curved slit at the postero-internal angle 
of the bulla, while the foramen lacerum medium and ‘the opening of the eustachian canal 
occupy their ordinary position at the front end of the bulla. No distinct carotid canal is 
visible externally. 
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Kowaleysky inferred from the study of his specimen that the foramen ovale ‘ ‘nicht 
als selbstiindiges Foramen existirte, wie z. B. bei den Ruminanten, ‘sondern mit dem For. 
lac. med. verschmolzen war, wie bei den heutigen Suiden und bei Hippopotamus” (76, 
p. 433). This is probably a mistake; at all events, it is not true of the American 
species, in which the foramen ovale is a long, conspicuous opening, of oval shape, perfo- 
rating the alisphenoid. As in the ungulates generally, there is no separate foramen rotun- 
dum, that opening being fused with the foramen lacerum anterius. The latter is a large 
and somewhat irregular opening, which notches the anterior border of the alisphenoid, 
passing between that bone and the orbitosphenoid. The optic foramen is small and well 
separated from the foramen lacerum anterius, lying in front of and at a slightly higher 
level than the sphenoidal fissure ; it does not open so far forward as in /. magnum, and, 
in consequence, it does not form such a remarkably elongated canal as in the European 
species (see Kowalevsky, °76, Taf. XVI, Figs. 1 and 3, dd), but, on the other hand, it is 
far from being a simple perforation of the orbitosphenoid, such as occurs in the recent 
ungulates. This elongation of the optic canal should probably be correlated with the 
very small size of the brain, which would seem to have been relatively smaller than in 
the ancestors of the genus. Though the orbits are far behind their primitive position, 
the backward shifting of the optic tract would seem to have kept pace with the change in 
the position of the orbits. 

The posterior palatine foramina are large and conspicuous openings, placed at the 
maxillo-palatine suture, and separating the two bones at these points; the palatine plates 
of the maxillaries are deeply grooved for some distance in front of the foramina. The 
incisive foramina are likewise large, invading both the maxillaries and the premaxilla- 
ries; indeed, their size prevents the development of any considerable palatine processes 
on the latter bones. These foramina are in very marked contrast to those of Hippopota- 
mus, in which the enormously expanded and massive premaxillaries are perforated by 
two small and widely separated openings; in Sus also the incisive foramina are propor- 
tionately much smaller than in Hlotherium. The infraorbital foramen is large and is 
separated from the orbit by a considerable interval, opening above the anterior border of 
p 2. In front of the foramen a deep groove channels the outer face of the maxillary for 
a short distance. The canal itself is much elongated, in correspondence with the great 
length of the jaws, and its posterior orifice, within the orbit, is very large. The lachry- 
mal] foramen, which is single, is quite small and is placed inside of the orbit. 

The supraorbital foramen is subject to some variation in the different species. In 
Li. ingens, from the Titanotherium beds, these openings are of good size, are placed quite 
near to the median line, and have well-marked vascular channels running forward from 
them. In specimens of /. mortoni from the Oreodon beds, and in the yery large species 
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(E. imperator) from the Protoceras beds, the openings have become minute; they are 
shifted laterally and have no anterior grooves leading from them. 

The mandible is not the least curious part of this remarkable skull. The horizontal 
ramus is extremely long and nearly straight, with an almost horizontal inferior border. 
The depth and thickness of the ramus vary considerably; even in skulls of the same 
length the mandible is decidedly more slender in some specimens than in others. The 
materials are, however, not yet sufficient to determine whether this difference is of a spe- 
cific, sexual, or merely individual character. A remarkable knob-like process is given 
off from the ventral border of the mandible, beneath p z, which is subject to much yari- 
ation in shape and elongation, in accordance with the age and size of the animal. In 
young individuals still retaining the milk-dentition, the process is a mere rugose eleya- 
tion, and in the adults of the smaller species it is hardly more than a knob, while in the 
large forms it becomes greatly elongated and club-shaped. No marked difference in this 
regard is observable between the species from the upper and those from the lower hori- 
zons of the White River formation, the process being relatively quite as long and promi- 
nent in /. ingens from the Titanotherium beds, as in /. imperator from the Protoceras 
beds, but in the huge John Day species it has become particularly long and heavy. 

The symphysis is quite long and very thick and massive; the two rami are indis- 
tinguishably fused together and laterally expanded, so as to somewhat resemble the sym- 
physis of Hippopotamus, though not attaining any such extreme degree of massiveness as 
in the modern genus. The chin is abruptly truncated and flattened, and rises very 
steeply from below; on each side, beneath or a little behind the canine alveolus, there 
arises from the ventral border a second club-shaped process, similar to, but much heavier 
and more prominent than the posterior process already described. These two pairs of 
knobs give to the jaw a highly peculiar and characteristic appearance ; they form another 
of the enigmatical features of the Hlotherium skull, for it is difficult to imagine what part 
they can haye played in the economy of the animal. 

The two inferior dental series pursue a nearly parallel course, diverging backward 
but little, but behind the molars the two rami turn outward and diverge rapidly, so that 
posteriorly they are very widely separated, in correspondence with the great interval 
between the glenoid cavities of the two squamosals. The angle of the mandible is prom- 
inent and descends below the ventral border of the horizontal ramus, much as in Hippo- 
potamus, though not to the same extent. The ascending ramus is not high, but of con- 
siderable antero-posterior extent. The masseteric fossa is quite small, but very deeply 
impressed, and is situated quite high upon the side of the jaw.. The condyle is relatively 
little raised above the level of the molar teeth, and it is sessile, hence inconspicuous, 
though it is large, transversely expanded, and strongly convex. The coronoid process 
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is strikingly low and small; it is of triangular shape, erect and not at all recurved, and 
is separated from the condyle by a very wide sigmoid notch. The mental foramen is 
small, single, and placed below p 3. 

Several of the hyoid elements are preseryed in connection with the skeleton of £. 
ingens which forms the principal subject of this description. The stylohyal is quite long 
and slender; its proximal portion is laterally compressed and very thin, but moderately 
broadened in the fore and aft direction. For the distal two-thirds of its length the bone 
is thicker and of a compressed oval section, expanding into a club-shaped thickening at 
the lower end, which is excavated for the connecting cartilage. The ceratohyal is con- 
siderably shorter than the stylohyal, but of quite similar shape ; its proximal end bears 
a cup-shaped expansion, beneath which it becomes very thin and much compressed, but 
broadened antero-posteriorly ; the inferior part of the shaft is slender and oval in section, 
with another cup-shaped expansion at the distal end. The epihyal and basihyal have 
not been preserved. The thyrohyal is of remarkable length and slenderness, and obvi- 
ously was not codssified with the basihyal; the bone is of subeylindrical shape, with 
expansions at the proximal and distal ends. 

This hyoid apparatus does not resemble that of any artiodactyl with which I have 
been able to compare it. The elements of the anterior arch somewhat resemble those of 
Hippopotamus, but are more slender and elongate. In the modern genus, on the other 
hand, the thyrohyals are very short, and are ankylosed with the basihyal, a totally differ- 
ent arrangement from that which characterizes Hlothervum. 

From the foregoing description and accompanying figures it will be obvious that the 
skull of Hlotherium is an extremely peculiar one. Among recent animals that of Hippo- 
potamus approximates it most closely, and displays, with many striking differences, sey- 
eral decided and, it may be, significant resemblances. Some of these resemblances, such’ 
as the straight cranio-facial axis and the long sagittal crest, are of no particular import- 
ance, because they occur so very generally among the primitive ungulates of all groups. 
Other similarities, again, are not of this nature. The proportions of the cranial and 
facial regions, the degree of backward shifting of the orbits, the relations of the ZY 20- 
matic and paroccipital processes, the broadening of the muzzle, and the general plan of 
skull construction, are all similar in the two genera. On the other hand, each genus has 
certain peculiarities correlated with its manner of life. Thus, the elevation of the orbits 
and the backward displacement of the posterior nares in Hippopotamus are adaptations 
to its aquatic habits. Doubtless the extraordinary peculiarities of Hlotherium, such as 
the dependent processes of the jugals and the great knobs on the mandible, are of a sim- 


ilar nature, though, in the absence of the soft parts, it is difficult even to conjecture what 
their use may have been. 
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Attention has been repeatedly called, in the foregoing description of the skull, to 


THE BRAIN. 


the extraordinarily small size of the brain-cayity. Even on viewing the skull externally, 
this smallness of the cranium proper strikes the obseryer immediately, and, in connection 
When 


the cranium is sawn open in longitudinal section, it becomes apparent that the brain is 


with the long, slender muzzle, gives the skull something of a reptilian aspect. 


even smaller than would be inferred from the external view alone, much of the space 


being, so to speak, wasted in the great frontal 
whole cerebral chamber. In a large, full-grown 
an ordinary human fist. 

The olfactory lobes are very large and are 


thick olfactory tracts. The lobes are not at all 


and parietal sinuses which overlie the 


skull this chamber will hardly contain 


connected with the cerebrum by short 


overlapped by the hemispheres, but are 


entirely exposed for their whole length. 

The cerebral hemispheres are relatively small, though they are, of course, much 
larger than the other segments of the brain; so short are they that they do not extend 
over the olfactory lobes in front, or the cerebellum behind. In shape, they are low and 
wide, narrowing gradually forward, but with blunt anterior termination. The frontal 
lobe is very small, for the frontals take but little share in the roof of the cerebral chamber. 
The parietal lobe, on the other hand, is relatively large and forms the greater part of the 
hemisphere, for there is, properly speaking, no occipital lobe, the occipital bones not tak- 
ing any part in the formation of the cerebral fossa. The temporo-sphenoidal lobe is also 
quite large and prominent, but is short antero-posteriorly. The brain-cast shows that the 
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hemispheres were convoluted, but the conyolutions are so feebly marked that they are 
hardly worth description. It is obyious, however, that the gyri were fewer and simpler 
than in any of the modern ungulates. 

The cerebellwm is. rather small, though the cerebellar fossa has a vertical diameter 
not much less than that of the cerebral fossa. Antero-posteriorly the former is quite 
short and its transverse breadth is not great. This breadth is still further reduced by the 


relatively very large size of the periotic bones which extend freely into the fossa. 
IV. THe VERTEBRAL COLUMN. 


The vertebral formula is: C 7, Th ? 18, L 6,8 2, Cd 15 ++ 

The atlas (Pl. XVIII, Fig. 3) is very wide transyersely, and at the same time it is of 
considerable antero-posterior extent, a shape which recalls that of Anoplotherium, rather 
than that of the recent ruminants or suillines. The anterior cavities for the occipital 
condyles are deep and wide, but low and depressed. Dorsally, these cotyles are widely 
separated by a broad, but not very deep emargination of the neural arch, nor do they 
approximate each other yery closely on the ventral side, a notch of considerable width 
intervening between them at this point. The neural arch is thick and heayy, but short 
from before backward and quite narrow transversely ; it is also low, not arching strongly 
toward the dorsal side, and nearly smooth, being free from any but the most obscurely 
marked ridges. The foramina perforating the arch for the first pair of spinal nerves are 
unusually large. The neural spine is rudimentary and forms only an inconspicuous 
tubercle. The neural canal is low and broad, forming a transversely directed ellipse. 
The inferior arch is considerably more elongated antero-posteriorly than the neural, and 
has but little transverse curvature, except laterally, where it rises to form the sides of 
the neural canal. The hypapophysis is represented by a small, backwardly directed 
tubercle, which arises from the hinder margin of the ventral arch, and occupies the same 
position as in the pigs, but is much less strongly developed. The articular surfaces for 
the axis are low and broad, and have a yery oblique position, presenting inward toward 
the median line, almost as much as backward ; they haye also a slight dorsal presenta- 
tion. In shape, they are yery slightly coneaye and are surrounded by prominent 
borders. The facet for the odontoid is wide, and deeply concave in the transverse direc- 
tion, but quite short antero-posteriorly. This facet is connected at the sides with those 

for the centrum of the axis, but distinct ridges are formed along the line of junction. 
_ The transyerse processes of the atlas extend out widely from the sides of the arch, 
attaining their greatest transverse breadth along the posterior line; they are also very 
long in the fore-and-aft direction, reaching far behind the surfaces for the axis. For 


most of their course the transverse processes have thin borders, but posteriorly the 
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margin becomes much thicker and more rugose. The vertebrarterial canal, which is 
notably small, occupies much the same position as in Sus, opening posteriorly upon the 
dorsal side of the hinder border. The anterior extension of the transverse processes 
has converted into foramina (atlanteo-diapophysial) the notches for the inferior branches 
of the first pair of spinal nerves. On the ventral face of each process is a large fossa, 
enclosed between the side of the inferior arch and the greatly thickened posterior border 
of the process. The resemblance in shape to the atlas of Anoplotherium, to which atten- 
tion has already been called, affects more particularly the form of the transverse processes 
but they are more extended transversely than in that genus and are not so pointed at the 
postero-external angles. 

The avs (Pl. XVIII, Fig. 4) is a short, but very massively constructed bone, 
which in general shape and appearance resembles that of Ltippopotamus. The centrum is 
short, anteriorly very broad and depressed, but. thickening posteriorly, and with a nearly 
circular and slightly concave hinder face. A strong and prominent keel runs along the 
ventral face of the centrum, enlarging backward, and terminating behind in a trifid 
hypapophysis. The odontoid process is short, heavy and conical, with no tendency what- 
ever to assume the depressed and flattened shape which occurs in so many White River 
ungulates. The ventral articular surface of the odontoid seems like something super- 
added to the process itself, for it is clearly demarcated by a groove running all around it, 
and projects slightly in front of the body of the process. On the dorsal side of the 
centrum a broad and well-defined ridge runs backward from the odontoid along the floor 
of the neural canal. The atlanteal articular surfaces are very broad and low, not rising 
so as to enclose any part of the neural canal, They are very oblique with reference to 
the median line of the centrum, with which they form angles of about 45°. These 
surfaces are slightly convex in both directions, and ventrally they project much below 
the level of the centrum. 

The transverse processes are short, thin and compressed, much less massive and 
widely extended than in Hippopotamus ; they are perforated by very large foramina 
for the vertebral arteries. The pedicels of the neural arch are. low and short, but very 
heavy ; they are not pierced for the passage of the second pair of spinal nerves, as they 
are in Hippopotamus and in some of the pigs. The neural canal is decidedly small, 
especially its anterior opening; behind, it enlarges somewhat, particularly in the dorso- 
ventral dimension, the posterior opening being high and narrow, while in //ippopotamus 
it is low and broad. The neural spine is a large plate which is very thin in front, but 
becomes thick and massive behind, ending in a broad rugosity. This spine resembles 
that of Hippopotamus, but is not produced so far backward and does not overhang the 
. third cervical. The postzygapophyses are large, slightly concave, and present obliquely 


290 THE OSTEOLOGY OF ELOTHERIUM. 


outward, as well as downward; their bases are separated by a broad and deep groove, 
which is continued upward upon the posterior side of the neural spine. 

The third cervical vertebra also bears a considerable resemblance to that of Alppopo- 
famus, differing only in some points of detail. The centrum is short, heavy and moder- 
ately opisthoceelous, depressed, but increasing posteriorly in vertical thickness. It bears 
a strong ventral keel, which terminates behind, as in the axis, in a trifid hypapophysis. 
The pedicels of the neural arch are not, as in the pigs, pierced by foramina for the 
spinal nerves; they are low and short, but very thick, and the neural canal is strikingly 
small. The dorsal side of the arch is short, broad and nearly flat. The neural spine is 
remarkably well-developed (when the anterior position of the vertebra is taken into 
account), rising as high as that of the axis. It is rather thin and compressed, although its 
base occupies the whole fore-and-aft length of the arch. From the base, however, it rapidly 
tapers upward and terminates in a small, rough tubercle. In Hippopotamus the third 
cervical has an even better developed neural spine, not higher, but broader and less 
tapering than in lotherium. The prezygapophyses are large, oblique and somewhat 
convex ; they are placed very low, so that their inferior margins are separated from the 
centrum only by narrow notches. The posterior zygapophyses are much larger and 
more prominent than the anterior pair; they are also less oblique in position and are 
raised higher above the centrum, corresponding to the posterior elevation of the neural 
arch. The transverse process is a compressed plate, which has no great vertical height, 
but is well extended from before backward, exceeding the centrum in length; the pos- 
terior portion of the process is thickened and recurved, ending in a rugose hook. The 
absence of any distinctly marked diapophysial element distinguishes this vertebra from 
the corresponding one of Hippopotamus and Sus, and in the latter genus the inferior 
lamella is more slender and rod-like, while the spinal nerves make their exit through 
foramina in the pedicels of the neural arch. 

The fourth cervical vertebra is different, in many respects, from the third. The 
centrum is somewhat shorter and is less distinctly carinate on the ventral side, but is more 
decidedly opisthoceelous, The neural arch is remarkably short in the antero-posterior 
dimension, so that the articular faces of the postzygapophyses actually extend forward 
beneath those of the anterior pair, which gives to the pedicel of the neural arch, when 
seen from the side, a curiously notched appearance. The neural spine is higher, but 
more slender and recurved than that of the third cervical. The transverse process is 
altogether different in shape from that of the latter. It has, in the first place, a very 
prominent diapophysial element, which projects outward as a heayy, depressed bar, 
thickened, rugose, and slightly upcurved at the distal end. In the second place, the 
inferior lamella is much higher yertically, but decidedly shorter from before backward. 
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In Hippopotamus and in Sus this vertebra is very similar to that of Elotherium, but the 
neural spine is notably heavier, 

The fifth cervical vertebra has an even shorter neural arch than the fourth and a 
much higher neural spine. The spine tapers rapidly from the base upward and becomes 
very slender, but it is nearly straight and only slightly recurved. The neural canal 
is somewhat larger than in the fourth vertebra, but, as in all the cervicals, it is strikingly 
small as compared with the size of the vertebra as a whole. The diapophysis is strong 
and prominent, but more slender than on the preceding vertebra, while the inferior 
lamella, though relatively short from before backward, has attained great vertical height 
and is strongly everted. In Elotheriwm the fifth vertebra is of the same type as the sixth, 
whereas in Hippopotamus it more nearly resembles the fourth. 

The sixth cervical is very like the fifth, but displays certain obvious differences. 
Thus, the neural arch is even shorter antero-posteriorly, and the neural spine is higher, 
heavier and much more strongly recurved. The postzygapophyses are decidedly smaller 
and are very characteristic in their markedly oblique position, for they rise steeply back- 
ward in a way that occurs in none of the other vertebree. The diapophysis is shorter but 
heavier than that of the fifth, while the inferior lamella is of similar shape, but larger, 
higher and with the free margin more thickened. In Hippopotamus this vertebra has 
much the same construction as in Hotheriwm, but the spine is shorter and more massive 
and the inferior lamella is much larger. In Sus the sixth cervical bears considerable 
resemblance to that of the White River genus. ) 

The seventh cervical is characterized by the height ee thickness of the spine, which 
in these respects much exceeds that of the sixth. This spine tapers superiorly, but 


expands again at the tip into a rough tubercle. The posterior zygapophyses stand at a 
_ higher level than the anterior pair and are unusually concave. The peculiarities seen in 


- the postzygapophyses of the sixth and seventh vertebree are to provide for the curvature 
of the neck, which changes its direction at this point. From. the occiput to the sixth 


| cervical the neck is nearly straight and inclines downward and backward, while the 
seventh vertebra begins the rise which culminates in the anterior thoracic region. This 
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by the immense weight and length of the head. Among recent artiodactyls Hippopotamus 
has cervical vertebree most like those of Hlotherium, though there are many differences 
in the details of construction. The most apparent of these differences lies in the greater 
and more uniform height and thickness of the neural spines in the modern genus. 
Doubtless the even more exaggerated massiyeness of the skull in the latter is the occasion 
of this increased development of the cervical spines. _ In Sus the perforation of the neural 
arches for the passage of the spinal nerves constitutes an important difference from 
Elotherium. 

The thoracic vertebra would appear to haye numbered thirteen, though this point 
cannot, as yet, be determined with entire certainty, and while the thoraco-lumbar vertebree 
were, in all probability, nineteen in number, as is well-nigh universal among the artic- 
dactyls, yet there were doubtless variations in the number of ribs, as is very frequently the 
case among existing animals. 

The first thoracic has a rather small’ centrum, with decidedly convex anterior and 
nearly flat posterior face; the facets for the rib-heads are very large and deeply 
concave. The transverse process is rather short, but very large, heavy and rugose, and 
bears an unusually large, coneaye facet for the tubercle of the first rib. The prezyga- 
pophyses are of the cervical type, but .present more obliquely inward than in the vertebree 
of the neck, while the postzygapophyses are, as in the other thoracics, placed upon the 
ventral side of the neural arch. The neural canal is high and narrow and its anterior 
opening has assumed a cordate outline. The neural spine is inclined strongly backward, 
much more so than that of the seventh cervical, and though laterally compressed it is 
extremely high, broad and massive, greatly exceeding in all its dimensions that of the 
last neck vertebra. 

The anterior six thoracic vertebre (see Pl. XVII, Fig. 5) are very much alike in’ 
appearance. The first three have broader and more depressed centra, which in the others 
become deeper vertically and more trihedral in section. The transverse processes are 
very large and prominent and carry large, deeply concave facets for the rib tubercles. 
The neural spines are very high, thick and heavy, and are strongly inclined backward, 
with club-shaped thickenings at the tips. At the seventh thoracic begins a rapid reduc- 
tion in the length and weight of the spines, a process which reaches its culmination on 
the eleventh vertebra, which has a remarkably short, weak and slender spine. This 
arrangement results in a great hump at the shoulders, somewhat as in Vitanotherium, 
though in a less exaggerated form. In both genera, the length of the anterior thoracic 
spines should be correlated with the great elongation and weight of the skull which 
requires immense muscular strength in the neck and shoulders. Hippopotamus has no 
such hump, but this is probably explained by its largely aquatic habits, 
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A change in the character of the facets for the rib tubercles occurs simultaneously 
with the shortening of the neural spines; they suddenly become much reduced in size 
and are plane instead of concave. The transverse processes, however, remain very large 
and prominent as far back as the eleventh thoracic. In no case are these processes per- 
forated by vertical canals, such as oceur in Sus. The twelfth thoracic is the anticlinal 
vertebra and has a nearly erect spine of lumbar type, though somewhat more slender 
than in the true lumbars. On the thirteenth the spine is quite like that of the lumbars 
and inclines slightly forward. Transverse processes are absent from the last two thoracic 
vertebra, which display the feature, very unusual in an ungulate, of large and conspicuous 
anapophyses. 

As far back as the eleventh vertebra the zygapophyses are of the ordinary thoracic 
type; they are small, oval facets, the anterior pair on the front of the neural arch and 
presenting upward, the posterior pair on the hinder part of the arch and presenting 
downward. On the eleventh thoracic a change takes place; the anterior zygapophyses 
are as before, but the posterior processes are flat and present obliquely outward, rather 
than downward, the two together forming a prominent, wedge-shaped mass. The 
prezygapophyses of the twelfth vertebra are correspondingly modified ; they present 
obliquely inward and together constitute a cayity which receives the wedge-like projec- 
tion from the eleventh. Prominent metapophyses also make their appearance on the 
twelfth thoracic. The posterior zygapophyses of the latter and both pairs of the thirteenth 
are of the cylindrical, interlocking type characteristic of the lumbars. These processes 
are remarkably complex and in a fashion that does not occur in Hippopotamus, but is 
found in Sus and many of the Pecora. The complexity is occasioned by the development 
of large episphenial processes, which give an additional articular surface above the 
zy gapophyses proper ; in section these processes have an S-like outline, and they constitute 
a joint of great strength. 

The lumbar vertebre (Pl. XVIII, Fig. 6), almost certainly six in number, have 
rather short, but massive centra. In the anterior part of the region the centra are some- 
what cylindrical in shape, but they become more and more depressed and flattened as we 
approach the sacrum. The neural canal is broad and very low, especially in the pos- 
terior part of the region. ‘The neural spines are inclined forward and are of moderate 
height ; they are broad antero-posteriorly, but thin and laterally compressed, except at 
the tips, where they are thickened. The spine of the last lumbar is a litle different 
from the others in being more erect and slender. Episphenial processes are present on 
the first, second and sixth vertebree, but not on the third, fourth or fifth. These 
processes are apt to be somewhat asymmetrical and better developed on one side than on 
the other, and it is probable that more extensive material would show them to be subject 
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to much individual variation. Metapophyses are prominent only on the first and second 
lumbars, rudimentary on the third and absent from the others. The transverse processes 
are very feebly developed in proportion to the size of the vertebrae. On the first lumbar 
they are short and straight, and gradually increase in length up to the fifth, but in all 
they are strikingly thin and slender. The last lumbar has transverse processes of unusual 
length, space for them being obtained by the sudden eversion of the anterior ends of the 
ilia, but even here they are weak. 

The trunk-vertebree of Hippopotamus are much more massively constructed than 
those of Hlotherium, the decrease in length of the thoracic spines posteriorly is more 
gradual, while the neural spines and transverse processes of the lumbars are much longer 
and in every way heavier. The thoraco-lumbar series of Sus bears considerable resem- 
blance to that of Hlothervwm, but in the former the transverse processes of the thoracic 
vertebree are perforated by vertical canals, and those of the lumbars are much longer and 
stouter. ; 

The sacrum consists of two vertebrae only. The first has a broad, depressed centrum 
and very large pleurapophyses, which carry most of the weight of the ilia, though the 
second sacral has also a limited contact with the pelvis. On the first vertebra the 
prezygapophyses are very well-developed and have large episphenial processes to receive 
those of the last lumbar. The two neural spines are co(ssified into a high but short 
ridge. The second sacral has a very much smaller and especially a narrower centrum 
than the first, and retains moderately complete postzygapophyses. 

In Hippopotamus and in Sus the sacrum is relatively much larger than in Elotherium, 


and consists of at least four vertebree, sometimes eyen as many as six. Eyen in aged 


individuals of the White River genus I have not seen more than two yertebre in the 
sacrum. 


association with one individual, indicate a tail of only moderate length, and present a 
number of peculiarities. The first caudal has somewhat the appearance of a miniature 
lumbar ; its eae ae is eHOTe eee and Cae with eats strongly con 7 
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The caudal vertebre (Pl. XVIII, Higgs #7; 23, 9), of which fifteen are wines in 
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other hand, increase in size and on the (?) fifth vertebra they curve toward each 
other, almost meeting and enclosing a canal, which continues as far back as the (?) eighth 
vertebra, behind which the hemapophyses are again reduced. The middle portion of 
the tail is composed of very long, cylindrical vertebree, which in shape strikingly 
resemble those of the great cats, and which are proportionately much longer, though 
apparently less numerous than those of Anoplotherium. At the anterior end of each 
vertebra are six prominent, nodular processes, the zygapophyses, transverse processes and 
hemapophyses respectively. Posteriorly the centra become more and more slender, but 
are not much diminished in length, for what appears to be the penultimate vertebra is 
nearly as long as those in the middle region. The yarious processes are, however, 
reduced to very insignificant proportions. The last vertebra has its anterior portion 
shaped like that of its predecessor, but it rapidly tapers behind to a smooth, slender, 
compressed and subeylindrical rod, with a club-shaped thickening at the end. As I have 
seen but a single specimen of this curious vertebra, I cannot feel quite confident that its 
shape is a normal one and not due to some injury or morbid process. 

The tail of Hippopotamus is of about the same relative length as that of Llothe- 
rium, but the individual vertebree are very different, being all shorter and heavier, and 
diminishing in size more gradually tothe end. In Sus the caudal vertebree are somewhat 
more like those of Elotherium, but none of them have such slender elongate centra. Little 
is known concerning the caudals of Anthracotherium. WKowalevsky says of them: “ Von 
den Schwanzwirbeln liegt mir nur ein einziges vor. Obwohl seine Erhaltung sehr 
mangelhaft erscheint, kann man doch aus diesem kleinen Stiick den Schluss ziehen, dass 
der Schwanz bei den Anthracotherien kurz war und somit gar keine Aehnlichkeit mit 
dem sonderbar langen Schwanze der Anoplotherien hatte” (73, p. 353; Taf. x, Fig. 36). 
The vertebra described by Kowalevsky is an anterior caudal and is much smaller and in 
every way: more reduced than the corresponding ones of Llotherium. Among existing 
artiodactyls, it is the giraffe which most resembles the White River genus in the peculiar 
character of its caudal vertebree. 
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Measurements. 
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V. Tue Rips Anp STERNUM. 


The ribs of Elotherium are decidedly smaller and lighter and indicate a less capacious 
thorax than we should expect to find in such a large animal, a fact which adds to the 
apparent height of the skeleton, because of the long interval between the thorax and the 
ground, 

The first rib is short, subeylindrical proximally, but broadening considerably at the 
distal end; it has only a slight lateral curvature, appearing nearly straight when viewed 
from the front, but it arches moderately backward. The head is large and compressed, 
and is separated by a deep and narrow notch from the very large and conspicuous 
tubercle, which is also compressed laterally. The ribs increase gradually in length up to 
the seventh or eighth of the series, and the posterior five, though successively shortening, 
retain a considerable relative length throughout. The first five or six ribs are laterally 
compressed and of moderate breadth, but the posterior part of the thorax is composed of 


very slender and subcylindrical ribs, very different from those which we find in most = 
ungulates, except in the more primitive groups. The tubercle reaches its maximum of 
size and prominence on the third rib, behind which it gradually diminishes i in size and 


oy becomes more and more widely pass from the head, Ue more sessile 3 in ig 7a 
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this dimension exceeding the antero-posterior length, and is proportionately much greater 
than in Hippopotamus or the modern suillines. The body of this segment is extremely 
thin, but the anterior border, and to some extent the ventral border also, is thickened and 
rugose. ‘The facets for the first pair of sternal ribs form prominences, which are situated 
near together and close to the postero-superior angles of the segment, so that nearly the 
entire length of the latter projects in front of the first pair of ribs. 

Of the mesosternum four segments and a part of the fifth are preserved. The first 
segment somewhat resembles the presternum in shape, being short, narrow and very deep ; 
the dorsal border is much thicker and wider than any other part of the segment, and the 
ventral border is also thickened, though in a less marked degree.  Posteriorly, this 
element becomes somewhat wider and shallower. ‘The second segment of the mesosternum 
is decidedly broader and shallower than the first, but still retains a very unusual 
degree of vertical depth. Both the dorsal and ventral surfaces are much broadened, 
while the body of the bone is a thin, vertical plate, which connects the horizontally 
directed dorsal and yentral borders, giving a cross-section somewhat like that of an 
I-beam. In the third segment these progressive changes are carried still farther, and the 
bone becomes very distinctly broader and lower than the second segment. The dorsal 
and ventral borders still project much beyond the vertical connecting plate ; this plate, 
however, is much thicker transversely than in the preceding segment. The ventral 
surface is rendered quite strongly concave by the elevation of its lateral borders. In 
part, this concavity may be due to the pressure which has somewhat distorted the entire 
sternum, but the ventral groove is so symmetrical that it can hardly be altogether due to 
distortion. The fourth and fifth segments exhibit similar changes, each one being 
broader and lower than the one in front of it; the vertical plate becomes very much 
thicker and the ventral groove more widely open. Though the specimen is of an animal 
past maturity, yet the last three segments distinctly show the median suture, along which 
their lateral halves united. 

In Hippopotamus the breast-bone is quite like that of H/otherium, but the presternum 
is longer and not of such exaggerated depth, and the rib-facets are placed much nearer to 
the anterior end, while the mesosternum consists of fewer, broader and shallower 
segments. In Sus the sternum is still more like that of /lotheriwm, but has a decidedly 


longer and lower presternum. 


VI. Tue Fore Limes. 


The fore limb of Elotherium is quite elongate and, in connection with the shallow 
thorax, and very long neural spines of the anterior thoracic vertebr, it gives to the 


skeleton a somewhat stilted appearance, 
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The scapula is remarkably high, narrow and slender, at least in the White River 
species, while in the John Day forms there is reason to believe that its proportions are 
quite different. The glenoid cavity forms a narrow, elongate oval, with its long axis 
directed antero-posteriorly, and is not very deeply concave. The coracoid is a large, but 
not very conspicuous rugosity, which sends off from its inner side a compressed, hook-lke 
process ; when the shoulder-blade is seen from the external side, this process is concealed 
from view. The neck of the scapula is broad and rather thick, and there is no distinet 
coraco-scapular notch. The coracoid border in its upward course inclines forward but 
little, and for the upper one-third of its height curves gently backward, to join the 
suprascapular border, which is exceedingly short. The glenoid border is more oblique, 
and inclines backward and upward at a moderate angle. ‘The spine is shifted far forward, 
dividing the blade very unequally, so that the prescapular fossa is very much smaller 
than the postscapular. Indeed, the distal one-third of the shoulder-blade can hardly. be 
said to have any prescapular fossa at all. The spine itself is rather low, and for much of 
its course its free border is curved backward and thickened to form a massive meta- 
cromion. The acromion is very short and inconspicuous, ending considerably aboye the 
level of the glenoid cavity. 

The scapula associated with the large species of Hlotherium from the John Day 
beds, which Cope has described under the name of Bodcherus (79, p. 59), is very 
different in shape from that of . ingens from the White River, to which the description 
in the preceding paragraph more particularly applies. The blade is very much broader, 
both fossee widening rapidly toward the dorsal end; these fossee are of nearly equal width 
and the spine is placed almost in the middle of the blade. There can be little doubt that 
this scapula is properly referred to the incomplete skeleton with which it was found 
associated, Aside from its similarity in color and texture to the rest of the skeleton, - 
there is no other animal known from the John Day horizon to which so large a scapula 
could belong. 

The shoulder-blade of Hippopotamus is much broader, in proportion to its height, 
than that of H. ingens; the coracoid is more prominent and the coraco-scapular notch is 
distinctly marked; the postscapular fossa is somewhat larger than the prescapular, but 
the difference is much less extreme than in the White River species, the spine occupying 
a more median position ; the acromion is much the same in the two forms, but the meta- 
cromion is larger in the fossil. In Sus also the scapula is relatively broader than in 
Lt. ingens, and, in particular, it has a wider prescapular fossa, but is without any distinet 
coraco-scapular notch. The spine rises from the suprascapular border very steeply to 
the high (but much smaller) metacromion, and then descends gradually to the neck, 
without forming an acromion. In spite of these differences, the resemblance in the 
character of the scapula between Sus and Elotherium is unmistakable. 
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The humerus is relatively long, but is, at the same time, a massively constructed 
bone. The head is large and very strongly convex, especially from above downward, 
although it is not set upon a very distinct neck, nor does it project far behind the plane 
of the shaft. The external tuberosity is very large, forming a massive and. roughened 
ridge, which runs across the whole anterior face of the head and rises toward the internal 
side, where it terminates in a high, thick and recuryed hook, overhanging the bicipital 
groove. The internal tuberosity is very much smaller, but is, nevertheless, quite promi- 
nent; it likewise projects over the bicipital groove, which is very broad and deeply 
incised into the bone. The great transverse breadth of the external tuberosity displaces 
the groove far toward the internal side of the humerus. The shaft is long and heavy ; 
its proximal portion has a great antero-posterior diameter, and its transverse thickness, 
though less, is still yery considerable. The fore-and-aft diameter gradually diminishes 
downward, until the shaft assumes an almost cylindrical shape, below which point it 
begins to expand transversely. The deltoid ridge is rugose and prominent, and runs far 
down upon the shaft, but forms no deltoid hook. The distal end of the shaft is very 
heavy, being both broad and thick. The supratrochlear fossa is low, wide and _ shallow, 
while the anconeal fossa is very high, narrow and deep, its depth being much increased 
by the great production of ‘the posterior angles of the distal end. The supinator ridge is 
rough, heavy and prominent. The trochlea, which is very completely modernized, in 
correspondence with the advanced differentiation of the ulna and radius, is somewhat 
obliquely placed with reference to the long axis of the shaft, descending toward the ulnar 
side. The trochlea differs very markedly from that of such primitive artiodactyls as 
Oreodon and Anoplotherium ; it is high, full and rounded and is divided into two unequal 
radial facets, of which the inner one is decidedly the larger. The intercondylar ridge, 
which, in most. primitive artiodactyls, forms a broad and rounded protuberance, is, in 
Hlotherium, compressed into a sharp and~prominent ridge, and shifted well toward the 
external side. The internal epicondyle, which is so largely developed in Oreodon and 
other early artiodactyls, has practically disappeared. 

The humerus of [Hippopotamus is relatively much shorter and more massive than 
that of Hlotherium ; the external tuberosity is not extended so far across the anterior 
face of the bone and the bicipital groove is, in consequence, not shifted so far toward the 
inner side; the deltoid ridge is much better developed and gives rise to a prominent 
deltoid hook. In the existing species of Hippopotamus the intercondylar ridge is 
narrower and less conspicuous, but in a Pliocene species from the Val d’Arno it has 
quite the same appearance as in L/otheriwm (see de Blainyille, OstCographie, Hippopot- 
amus, Pl. V). The epicondyles are much more prominent than in the latter, and 


the postero-internal border of tue anconeal fossa projects much more than does the 
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external border, while in Elotherium this difference is decidedly less marked. In Sus 
the humerus resembles that of the White River genus in form, but is proportionately 
very much shorter; the deltoid ridge is shorter and less prominent, while the supinator 
ridge and the epicondyles are more so. 

The radius and ulna (Pl. XVII, Fig. 10) are firmly codssified in all the known 
species of Hlotherium, though the suture between them is clearly marked, even in old 
animals. The radius is relatively very long, but rather slender; the head is quite thick, 
but of only moderate breadth, projecting most toward the external side. The humeral 
surface is composed of three connected facets, of which the internal one is much the 
largest and bears an eleyated ridge for the corresponding depression on the humeral 
trochlea. The groove for the intercondylar ridge of the latter is quite broad and notches 
the anterior border of the radius. The shaft is rather narrow transversely, but quite 
thick and heavy, and arches forward but moderately ; the distal portion is broadened and 
thickened and bears upon its dorsal face a deep tendinal sulcus, bounded by very promi- 
nent ridges. The distal face is quite broad, but without much dorso-palmar extension, 
and carries two well-distinguished carpal facets, which pursue an oblique course, from 
before backward and inward. The scaphoidal facet, which is the smaller of the two, is 
concave in front, saddle-shaped behind, and is reflected up upon the posterior face of the 
bone. The facet for the lunar is much larger than that for the seaphoid, and has a 
somewhat similar shape, but the anterior concavity is not so deep, and the articular 
surface is carried much farther up upon the palmar side of the radius. The radius has 
no contact with the pyramidal. 

In Hippopotamus the forearm bones are ankylosed, though somewhat less intimately 
than in Motherium. The radius is very short, bréad and thick, and is almost straight. 
The external facet for the humerus is larger and more concave and the carpal facets are of 
more nearly equal size, while that for the lunar rises much more steeply toward the ulnar 
side. In Sus the two bones are separate, and the radius is short, very heavy and arched 
forward ; its distal end is much more thickened than in Elotherium, the facet for the 
scaphoid is relatively larger, while that for the lunar is smaller and is extensively 
reflected upon the palmar face of the radius. In Dicotyles the ulna and radius have 
coalesced even more completely than in Elotheriwn. 

The wlna has a very long, thick and prominent olecranon, which projects far behind 
the plane of the shaft. The process is convex on the outer side and concave on the inner, 
thickened and club-shaped at the free end, which displays a broad, shallow sulcus for the 
extensor tendons. The sigmoid notch is deep and the coronoid process prominent, as is 
required by the great depth of the anconeal fossa on the humerus. The articulation of 
the ulna with the latter is confined to the posterior and superior aspects of the humeral 
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trochlea, no part of the articular surface on the ulna presenting proximally, for the radius 
occupies the entire distal aspect of the humerus. Only the proximal portion of the facet 
for the humerus extends across the entire breadth of the ulna; for the rest of its course 
this facet is confined to the inner side. The shaft of the ulna is somewhat reduced, but 
is not interrupted at any point and, indeed, it is quite stout for its entire length ; its prin- 
cipal diameter is the transverse, the antero-posterior thickness being decidedly dimin- 
ished. Below the head it narrows and then expands to its maximum breadth, from 
which point it narrows gradually to the distal end. On its external side the shaft is 
quite deeply channeled. The distal end is small and bears a saddle-shaped facet for the 
pyramidal, which is concave transversely and convex in the dorso-palmar direction ; its 
external border is compressed and extends as a sharp edge behind the body of the bone, 
forming a concavity on the palmar face. The pisiform facet is continuous with that for 
the pyramidal. The ulna extends distally below the level of the radius and thus arises the 
very exceptional condition of an articulation between the ulna and the lunar. The facet 
for this carpal element is small and is entirely confined to the radial side of the ulna, the 
distal end of the latter not extending at all upon the proximal face of the lunar. In most 
artiodactyls in which the functional digits have been reduced to two, the radius tends to 
encroach more or less extensively upon the proximal face of the pyramidal, for which 
extension the diminution of the ulna makes a way. In Llotherium the arrangement is 
different, the ulna occupying the entire proximal surface of the pyramidal, and by 
extending below the level of the radius securing a lateral contact with the lunar. Indeed, 
this arrangement quite precludes the attainment of the more usual radial-pyramidal 
articulation. 

The ulna of Hippopotamus is proportionately much shorter and in every way more 
massive than that of Hlotherium; it also has a very much larger and more prominent 
olecranon, as would naturally. follow fromthe immensely greater weight of body which 
requires support upon the limbs. There appears to be a slight disto-lateral contact 
between the ulna and the lunar ; at all events, the radius does not extend over upon the 
pyramidal. In Sus the ulna is free throughout and its shaft is relatively much shorter 
and heavier than in Hlotherium ; the ulna and lunar do not come into contact. The 
ulna of Dicotyles is more reduced than that of the White River genus and the connections 


of the carpals with one another and with the metacarpus are upon quite a different plan, 
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Measurements. 
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The principal facts of the structure of the fore foot have already been determined by 
Kowalevsky, but the material now at command permits a more complete account. to be 
given. Certain differences also which obtain between the European and American repre- 
sentatives of the genus should not be passed over without mention. 

The carpus of Elotherium is a curious one in many ways, and while modified to suit 
the didactyl condition of the foot, by the reduction of the lateral and enlargement of 
the median elements, it has yet retained many of its primitive characteristics. 

The scaphoid is high and thick in the dorso-palmar direction, but very narrow trans- 
versely. The dorsal and internal (7. ¢., radial) surfaces of the bone are very rugose, and 
on the palmar border, which is the narrowest part of the scaphoid, is a blunt and massive 
mammillary process. The articuiar surface for the radius is of unusual shape. It is 
divided into two parts, an antero-external and a postero-internal ; the latter is much the 
larger and is saddle-shaped, conyex transversely and concave in the dorso-palmar- 
direction, while the former is conyex and descends steeply toward the ulnar side. These 
two parts of the articular surface are continuous, but they meet at nearly a right angle, 
and their junction forms a ridge, which is the highest point of the scaphoid. On the 
ulnar side are three facets for the lunar; the largest one is proximal and dorsal, and is 
continuous with the surface for the radius, which it meets at almost a right angle; this 
facet is very oblique and presents distally as well as laterally, the seaphoid here forming 
a projection which extends over the lunar. The second lunar facet is dorsal and distal in 
position ; it is small, nearly plane, and not very distinctly separated from the facet for 
the magnum. The third lunar facet is distal and palmar, and is placed upon the ulnar side 
of the mammillary process already mentioned ; it is of oval shape and nearly flat. The 
contact between the scaphoid and the lunar is confined to these three points, and as the 


* Somewhat reduced by crushing. 


THE OSTEOLOGY OF ELOTHERIUM. 303 


facets on both bones are more or less prominent, they are elsewhere separated by con- 
siderable interspaces. The distal side of the scaphoid is much narrower than the 
proximal and is occupied by facets for the trapezoid and magnum, no articular surface 
for the trapezium being apparent. The trapezoidal facet is considerably the smaller of 
the two, and is simply concave. The magnum facet is in two parts, a very slightly 
concave distal portion, and a somewhat smaller lateral portion on the ulnar face of the 
scaphoid. 

In the European species figured by Kowalevsky (76, Taf. XX VI) the scaphoid is 
somewhat broader than in the American forms. In both groups a remarkable resem- 
blance to the scaphoid of Anthracotherium is observable, which extends to even the details 
of structure (see Kowalevsky, 75, Taf. XI, Fig. 38). As Anthracotherium is, however, a 
tetradactyl form, the scaphoid is somewhat broader in proportion to its height than that 
of Llotherium, though hardly so much so as would be expected. In Hippopotamus and 
Sus the scaphoid is of quite a different shape from that of the fossils, being distinctly 
shorter and wider. 

The dunar is a very large and complex carpal, which exceeds the scaphoid in all of 
its dimensions, and especially in breadth. The radial facet is in two parts, continuing 
those which occur on the s ‘aphoid ; the anterior or dorsal part extends across the width 
of the bone and is very convex antero-posteriorly, while the palmar portion is very much 
larger and is concave in the same direction, The dorsal border rises steeply toward the 
ulnar side, where the lunar is drawn out into a blunt, projecting, hook-like process, which 
extends over the pyramidal, as the seaphoid does over the lunar. On the radial side are 
three facets for the scaphoid, corresponding to those on the latter, which have already 
been described. The palmar face is greatly extended transversely, and, though lower, is 
much broader than the dorsal surface. On the ulnar side are two facets for the 
pyramidal, which constitute an interlocking joint of unusual firmness and strength. One 
of these facets is proximal and dorsal and overlaps the pyramidal; the second, which is 
very much larger, is palmar and distal in position, and has a saddle-like shape ; it interlocks 
closely with a similar facet upon the pyramidal. When seen from the front, the contact 
between the lunar and the magnum appears to be entirely lateral, but as it passes toward 
the palmar side, the magnum facet broadens, becomes very concave, and assumes a distal 
position. The unciform facet is aiso oblique and the beak between the two is not in the 
median, but shifted far toward the radial side. Dorsally the unciform facet is consider- 
ably wider than that for the magnum, but on the palmar side these proportions are 
reversed. : 

The lunar of . magnum figured by Kowaleysky resembles that of 4. ingens, except 
that its proximal surface does not rise so steeply toward the ulnar side and does not 
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project over the pyramidal. The lunar of Anthracotherium (see Kowaleysky, 773, Taf. 
XI, Fig. 37) is like that of Elotherium, but is narrower, especially its palmar face, and 
much thicker, and the distal beak is more nearly in the median line. In Hippopotamus 
the lunar is broad and rests almost equally upon the magnum and the unciform, as it 
does also in Sus. 

The pyramidal quite resembles the scaphoid in shape, but is much broader, not so 
thick antero-posteriorly, and generally of a more rugose and massive appearance. In 
view of the reduced lateral digits and the codssified radius and ulna, the relatively large 
size of the pyramidal is somewhat surprising. The proximal end is oceupied by the 
ulnar facet, which is convex transversely and deeply coneaye antero-posteriorly. On the 
palmar side is a narrow, plane facet for the pisiform, which is very oblique in position. 
This facet is carried upon a compressed and slightly recurved, hook-like ridge, which 
runs for nearly the full vertical height of the bone, though not quite reaching to the 
distal end. On the radial side are two facets for the lunar, separated by a wide and deep 
sulcus; the palmo-distal one is larger than the corresponding surface on the lunar, and 
its curvatures are, of course, in opposite directions to those of the latter, beimg concave in 
the vertical, and convex in the dorso-palmar diameter. The distal end of the pyramidal 
is taken up by a large, but slightly concave facet for the unciform. 

In the material described by Kowaleysky the pyramidal of Llotherium is not repre- 
sented, while that of Anthracotherium is so badly preserved and of such uncertain 
reference, that any comparison founded upon it would be valueless. The pyramidal 
of Hippopotamus is broad, square and heavy, as is also that of Sws, on a smaller scale. 

The pisiform is quite small and slender, though of considerable length ; it is strongly 
recurved toward the median side of the carpus, presenting the convexity externally ; the 
distal end is thickened and club-shaped, though but little expanded in the vertical 
dimension. The pyramidal facet is nearly plane and oblique in position, broadest exter- 
nally and narrowing to a point on the radial side. The ulnar facet is very much smaller 
and somewhat coneave; the two meet at almost a right angle. 

The pisiform of . magnum (Kowaleysky, ’76, Taf. XX VI, Fig. 27) is not unlike 
that of /. ingens, but is of a more irregular shape, which looks as though it might be 
due to disease, that of Anthracotherium (Kowalevsky, 73, Taf. XI, Fig. 58) is of quite 
similar shape, though much larger. In Sus the pisiform is of an entirely different shape 
from that of either of the extinct genera, being much deeper vertically, more compressed 
and plate-like, and less strongly recurved, That of Hippopotamus is more like that of 
the fossil forms. 

The trapezium is not associated with any of the specimens which I have seen, nor is 
any facet for it distinctly visible on either the scaphoid or the trapezoid, If present at 
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all, it must have been in a very reduced and rudimentary condition, haying lost all 
functional importance. 

The trapezoid is high, narrow and thin ; it is closely interlocked with the magnum, 
lying in a depression on the radial side of that bone. The facet for the scaphoid is 
simple and strongly convex. Three facets for the magnum occur on the ulnar side, one 
proximal and two distal; the former is much the largest of the three, but is confined to 
the dorsal part of the ulnar side. Of the two distal facets, one is dorsal and one palmar ; 
they are separated by a narrow space and are situated in different planes, almost at right 
angles to each other. On the radial side, near the distal end, is a shallow depression, 
which may have lodged a rudimentary trapezium, though there is no facet for such a bone. 
The distal side of the trapezoid bears a small, plane facet, of triangular shape, for the 
rudimentary second metacarpal. 

The trapezoid is not yet known in connection with the European species of Hlothe- 
rium, or with Anthracotherium. In Hippopotamus it is lower and broader and of more 
functional importance than in Hlotherium, as it also is in Sus, and in the latter, differing 
from all of the other genera mentioned, it articulates extensively with the third meta- 
carpal. 

The magnum is a relatively large and massive bone, the three diameters of which are 
nearly equal, though the dorso-palmar dimension somewhat exceeds the other two. The 
dorsal moiety of the bone is the lower, quite a prominent head rising proximally from 
the palmar portion. The palmar hook is represented by a short, but broad, rough and 
massive ridge. The proximal end is unequally divided between the facets for the 
seaphoid and lunar ; dorsally the former is much the wider and occupies almost the entire 
breadth of the bone, but it does not extend so far posteriorly and on the head is con- 
fined to the antero-internal aspect of that elevation. The lunar facet is very narrow on 
the dorsal side, and lateral rather than proximal in position, but posteriorly it widens and 
covers nearly the entire head. When viewed from the ulnar side, the lunar facet 
appears to be of a horseshoe-shape, narrow arms extending far down upon the dorsal 
and palmar borders, and separated below by a very large sulcus. These two arms of 
the lunar facet are obscurely demarcated from the two small facets for the unciform, in 
which they may be said to terminate distally. The distal end of the magnum is covered 
by the large, saddle-shaped surface for the third metacarpal, which is conyex transversely 
and coneaye antero-posteriorly ; and proximal to this, on the radial side, is a small facet 
for the second metacarpal. On the radial side also is a depression, running almost the 
full vertical height of the magnum, for the reception of the trapezoid. The depression 
contains a larger proximal and two smaller distal facets for the trapezoid, corresponding 


to those already described on the latter. 


306 THE OSTEOLOGY OF ELOTHERIUM. 


The magnum figured by Kowaleysky (76, Taf. XX VI, Figs. 21, 32) is of the same 
general type as in the American species, but with some differences of detail. Thus, the 
bone is of relatively greater antero-posterior thickness; the palmar face is narrower and 
the palmar hook very much more prominent; the suleus which, on the ulnar side, 
separates the two arms of the lunar facet is much narrower, and, in consequence, the 
arms themselves are broader; the head of the magnum rises less abruptly toward the 
palmar side. The magnum of Anthracotherium is not sufficiently well known for com- 
parison. That of Hippopotamus is low and broad, and differs from the magnum of 
Hlotherium in that the dorsal portion of the lunar facet is proximal in position. In Sus 
also the magnum is low and wide ; its lunar facet is relatively larger than in Hippopota- 
mus, and it has no articulation with the second metacarpal, from which it is excluded by 
the contact of the third metacarpal with the trapezoid; the head is low. 

The unciform is the largest and most massive bone of the carpus ; in shape it is low, 
broad and thick, with its principal diameter directed transversely, and has on the palmar 
side a hook-shaped process, which is not very prominent, but broad and heayy. The 
proximal end is occupied by the facets for the lunar and pyramidal, of which the latter 
is much the wider; the junction of the two forms a prominent ridge which curves across 
the proximal end, from the dorsal to the palmar side. These two facets are both slightly 
concave transversely, but very strongly conyex antero-posteriorly, being reflected far 
down upon the palmar face. On the radial side are two vertical articular bands, 
separated by a wide and deep sulcus. The dorsal band, which is much the wider of the 
two, 1s composed of two very obscurely separated facets, a minute proximal one for the 
magnum anda very large distal one for the unciform process of the third metacarpal. 
The palmar band is a high and narrow facet for the magnum only, and is much more 
extended vertically than the corresponding surface on that bone. The distal end carries 
a large facet for the head of the fourth metacarpal, and on the ulnar side is a minute facet 
for the rudimentary fifth metacarpal. 

The uncitorm of Kowaleysky’s specimen does not differ in any significant way from 
that of the American species. In Anthracotherium this bone is much wider and lower 
than in Klotherium and the facet for the fifth metacarpal is more distal than lateral. In 
Hippopotamus the unciform is exceedingly large, and its dorsal face is of a low, wide, 
rectangular outline, and its great breadth corresponds to the large size and functional 
importance of the fifth metacarpal. The proximal end is divided almost equally between 
the lunar and pyramidal facets, and the absence of a distal beak on the lunar allows a 
larger contact between the unciform and magnum. In Sus, which has much reduced 
lateral digits, the unciform is narrower than in Hippopotamus, but broader than in 
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Klotherium, and the facet for the fifth metacarpal is not so completely displaced toward 
the ulnar side as in the latter. 
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The metacarpus consists of four members, two functional, the third and fourth, and 
two mere rudimentary nodules, the second and fifth. 

Metacarpal [I is not preserved in any of the specimens which I have seen, though it 
is figured by Marsh (93, Pl. VIII, Fig. 4), but the facets on the neighboring bones show 
that it was carried by the trapezoid and retained a lateral connection with the magnum, 
excluding me. 111 from any contact with the trapezoid. The manus of H/otheriwm is thus 
a typical example of what Kowalevsky has called the “inadaptive mode” of digital 
reduction. 

Metacarpal LT is long and massive. The head is heayy, enlarged in both dimensions, 
and has a stout prominence upon the palmar side; it bears a broad, saddle-shaped surface 
for the magnum. On the radial side is a depression for me. ii, at the proximal end of 
which are two small facets for that bone. The unciform process is very large, prominent 
and heavy, and projects far over the -head of me. iv, but is, as usual, confined to the 
dorsal half of the head. On the distal side of this process and on the ulnar side of the 
shaft is a continuous, concave facet for the head of me. iv. A second facet for the same 
metacarpal is borne upon the palmar projection from the head. The shaft of me. i is 
broad, but much compressed and flattened antero-posteriorly ; both width and thickness 
are nearly uniform throughout, but increase slightly toward the distal end. The distal 
trochlea is broad and rather low, but is reflected well up upon the palmar face; on the 
dorsal side it is demarcated from the shaft only by an obscure ridge, with no deep 
depression above it. The carina is very prominent, but is confined entirely to the palmar 
face. The lateral_pit on the ulnar side is large and deep, but that on the radial side is 
faintly marked. 

In Kowalevsky’s specimen (’76, Taf. XX VI, Fig. 21) the third metacarpal does not 
differ in any important way from that of the American species, though the magnum 
facet is somewhat more concave transversely and the shaft is rather more slender. In 
Anthracotherium (Kowalevsky, 73, Taf. XII, Fig. 80) me. iii is very similar to that of 
Elotherium, but is relatively heavier; at the proximal end the tubercle for the insertion 
of the extensor carpi radialis muscle is more conspicuous, and the palmar projection of 
the head more prominent. 

Metacarpal IV is a little shorter and narrower than me. iii, with which it articulates 
by two large facets, separated by a wide and deep groove ; of these facets the dorsal one, 
which is overlapped by the unciform process of me. iii, is strongly convex, while the 
palmar facet is flat and borne upon the palmar projection. The ulnar side has a shallow 
groove, in which lies the nodular me. vy; the articulation with the latter is by means 
of a single, small, triangular facet. The shaft is soniewhat narrower transversely than 


that of me. ili, but is otherwise like it, as is also the distal trochlea. 
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In £. magnum, Kowaleysky’s figure shows a somewhat differently shaped proximal 
end (76, Taf. XX VI, Figs. 21, 24), the head is somewhat more extended transversely, 
especially toward the ulnar side, while the palmar projection is narrower and_ less 
prominent. In Anthracotherium the head of me. ii has no such transverse extension. 

Metacarpal V is an almond-shaped nodule, almost exactly like the specimen figured 
by Kowalevsky (Taf. XX VI, Fig. 25), though of a rather more regular outline. Proxi- 
mally the nodule has quite a large, subquadrate, and slightly concave facet for the unci- 
form, which presents more laterally than superiorly, and forming a very obtuse angle with 
this surface, is a smaller, triangular facet for me. iy. 

The metacarpus of /Zippopotamus has four functional members, though the median 
pair are longer and stouter than the lateral. Compared with those of Hlotheriwm they 
are relatively shorter and much heavier. In Sus there are also four metacarpals, but 
the laterals are much reduced, while the median pair, which carry most of the weight, 
are very short and thick, and the distal carina surrounds the entire trochlea, dorsal as 
well as palmar. The mode of articulation between the carpals and metacarpals is 
quite different from that found in either “lotherium or Hippopotamus, the head of 
me. 1 being much broadened and articulating extensively with the trapezoid, so that 
me. 1 is cut off from any contact with the magnum. ‘This is what Kowalevsky has 
called the “adaptive method” of digital reduction, and it is in decided contrast to the 
inadaptive method exemplified in Hlotherium. ; 

The phalanges, which are quite short, as compared with the length of the meta- 
carpals, are developed only in the median pair of digits. The proximal phalanx of 
digit ii is relatively elongate, straight, broad and depressed ; its proximal end is both 
wide and thick, and carries a concaye facet for the metacarpal trochlea, which is deeply 
notched on the palmar border for the carina. Toward the distal end the phalanx 
narrows but little, though diminishing much in the dorso-palmar diameter; the distal 
trochlea is low, wide, depressed and only slightly notched in the median line. The 
second phalanx is short, broad and thick, and of quite asymmetrical shape ; its proximal 
trochlea is obscurely divided into two facets, of which that on the radial side is the 
larger and extends more in the palmar direction, while the median dorsal beak is not 
prominently developed. The distal trochlea is much thicker than that of the first 
phalanx, is reflected much farther upon the dorsal face, and is more distinctly notched 
in the median line. The course of this surface is oblique, so that it faces somewhat to 
the ulnar side. The ungual phalanx is curiously small and nodular in shape, and is 
short, but quite broad and thick; the proximal trochlea is imperfectly divided into two 
slightly concave facets. The palmar surface is nearly plane, except for its rugosities, 
while the dorsal margin descends abruptly to the blunt distal end. 
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In Anthracotheriwm (Kowaleysky, ’75, Taf. XI, Figs. 58, 54) the phalanges are of 
the same general type as in Llotherium, but are proportionately much shorter and 
stouter. In ippopotamus they are short, broad and very heavy, while the unguals are 
reduced and of nodular form. In Sus the three phalanges of a digit are together con- 
siderably longer than the metacarpal, which is far from being the case in L/lotherium ; 
they are also of quite a different shape from those of the latter. The proximal phalanx 
is much thicker in proportion to its length, and its proximal trochlea is deeply grooyed 
across its whole face for the metacarpal carina. The ungual phalanx is longer, broader 


and more depressed and pointed. 
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VILE Tae Hip sire: 


The pelvis is remarkable in many ways. As a whole, it 1s curiously long and 
narrow, except anteriorly, where the sudden and strong eyersion of both ilia gives it con- 
siderable breadth. The ilium is elongate, and has a long, heavy, trihedral peduncle, 
which expands quite abruptly into the broad anterior plate. This plate is very strongly 
eyerted in its antero-inferior portion, and in shape is not at all like that of Sus, or of most 
existing artiodactyls, but rather resembles that of such ancient perissodactyls as 
Palwosyops. The plate rises high above the sacrum and conceals much of that bone from 
view, when the pelvis is seen from the side; the gluteal surface is concave and the sacral 
surface strongly convex; the suprailiae border is quite thin for most of its course, but 
becomes very thick and rugose at its inferior angle. The iliac surface is relatively wide 
and may be traced through the whole length of the bone, the pubic border being very 
distinctly marked throughout. The ischial border is, for the most part, thick and 
rounded, but becomes sharp and compressed above the acetabulum. The pectineal process 
is a very prominent and rough tuberosity, and a second rugosity les above and behind 
it. The acetabulum is rather small, but deep, and is of almost circular form; its 
articular surface is but little reduced by the deep and narrow sulcus for the round 
ligament. 

The ischium is likewise elongate, though much shorter than the ium; above the 
acetabulum its dorsal border arches upward into a high, thin and roughened crest, the 
ischial spine, very much like that seen in Sus, behind which is a distinct ischiadic notch, 
a difference from the true pigs, which have no such notch. For most of its length, the 
ischium is laterally compressed, but expands posteriorly into a large, thick plate, with 
eyerted hinder border and very massive tuberosity. The pubis is short, heavy and 
depressed. The symphysis, in which both the pubes and the ischia take part, is very 
long, the posterior notch between the two ischia being shallow. Consequently, the 
obturator foramen is much elongated antero-posteriorly, and of oval shape. This region 
of the pelvis is entirely different from that of Sws, in which the ischia are widely 
separated behind, the symphysis is short, and the obturator foramen is nearly cireular in 
outline. In Hippopotamus the pelvis is more like that of Hlotherium, but is much larger 
and more massive in every way; the peduncle of the ilium is not so elongate or so 
slender, the spine of the ischium is very much less prominent, and the posterior expansion 
of the ischium is very much larger and heavier. Unfortunately, the pelvis is not 
sufficiently well known in Ancodus or Anthracotherium for comparison with that of 
Hlotherium. 


Li ey : mae x . A . . 
The femur is a long and proportionately rather slender bone. The proximal end is 
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quite widely expanded in the transyerse direction; and in shape recalls that seen in the 
camels and Ilamas. The head is almost hemispherical in form and has a small, deep pit 
for the round ligament; it is set upon a very distinct neck, which is connected by a long, 
narrow bridge of bone with the great trochanter. The latter is very large and massive, 
especially in the antero-posterior direction, but does not rise above the level of the head, 
and hence is not very conspicuous, when the femur is seen from the front. The digital 
fossa is deep and widely open, which is due to the great thickness of the trochanter, but 
is not much extended in the vertical direction. The second trochanter is also large and 
very rugose, but not very prominent; it projects almost entirely backward, so that the 
trochanter is hardly visible, when the bone is viewed from the anterior side. There is no 
plainly marked intertrochanteric ridge, connecting the great and second trochanters, but 
from the latter a ridge runs proximally and almost reaches to the head. 

The shaft of the femur, which in its proximal portion is much expanded transversely 
and compressed antero-posteriorly, rapidly narrows downward, and below the second 
trochanter becomes quite slender and. subeylindrical in shape. ‘Toward the distal end 
the shaft widens considerably, though increasing little in thickness. Above the external 
condyle is a long, narrow pit, with rugose margins, which serves for the origin of the 
plantaris muscle. The rotular groove is very broad, but quite shallow; its inner border 
is much thicker and more prominent than the outer, and ascends higher proximally, 
where it terminates in a short, overhanging hook, while the external border dies away 
more gradually. The condyles are relatively small; they present directly backward, 
though not projecting very strongly behind the plane of the shaft, and are of almost 
equal size, the external one but slightly exceeding the internal in height and breadth. 
The intercondylar fossa is broad and deep and has nearly straight borders. 

The proportionately small antero-posterior diameter of the distal part of the femur 
in Hlotherium is in decided contrast to the thickness of this region in Ancodus. The 
femur of Anthracotherium is much like that of Elotherium, but it is even more slender 
in proportion to its length, and the condyles are smaller. Sus has a femur of quite a 
different type; the proximal end is not so wide, the head is more sessile and has a much 
larger pit for the round ligament; the bridge connecting the head with the great 
trochanter is shorter and much thicker, and the trochanter itself is more prominent ; the 
shaft is relatively less elongate, the rotular groove has borders of nearly equal height, 
and the condyles are more prominent. The femur of Hippopotamus, though extremely 
massive, has yet a certain resemblance to that of Hlotheriuwm, as may be seen in the 
transverse expansion of the proximal end and in the obliquity and asymmetry of the 
rotular groove. . 

The patella is large, massive and of rather peculiar shape, It is high, quite broad 
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and thick in the middle portion, but with the distal part quite thin and narrow, and 
tapering to a blunt point; the proximal portion is also narrow and rises above the 
articular surface as a compressed, but thick and rugose process. The femoral surface is 
convex transversely, and only very obscurely divided into external and internal facets by a 
broad and low median ridge. This patella bears very little resemblance to the very thick 
knee-cap of Ancodus and still less to that of Sus. In the latter the patella is a short, rather 
narrow, but very thick bone, the posterior surface of which is of a regularly oval outline. 
Hippopotamus also has a patella which bears but little resemblance to that of Hlotheriwm ; 
it is short, but very broad and extremely thick, and sends off a long, horizontal process 
from the internal border. 

The ¢idia is a massive bone, considerably shorter than the femur, but relatively 
heavier. The proximal end is very broad and thick; the condyles are of the usual 
saddle-shaped form and have a rather small antero-posterior extension; the inner 
condyle is somewhat more extended in this direction, while the outer one is wider trans- 
versely, and projects over the external side of the shaft. The fibular facet is small and 
is confined to the postero-external angle of the outer condyle. The tibial spine is low 
and bifid. The cnemial process is exceedingly heavy and prominent, and runs far down 
upon the shaft, extending for nearly half the length of the bone; its proximal portion 
displays a depression for the long patella, and the sulcus for the tendon of the extensor 
longus digitorum is deeply incised. The shaft of the tibia is heavy throughout, not 
diminishing much in diameter distally; it has a decided lateral and a slight anterior 
curvature. The distal end is quite broad, but not very thick, and has an unusually 
quadrate outline. The astragalar surface is divided by a low intercondylar ridge into 
two facets, of which the external one is much the larger and the inner one more deeply 
impressed. The intercondylar ridge, which pursues a very straight course across the distal. 
end, is remarkable for its bifid termination at the anterior margin. A considerable sulcus 
is placed upon the intercondylar ridge, invading the articular surface on each side. 
On the external side of the distal end of the tibia is a broad, rugose depression for the 
fibula, but with only a very small external facet for the latter ; an additional fibular facet 
forms a narrow band upon the distal surface, the tibia extending somewhat over this por- 
tion of the fibula. The malleolar process is short and compressed, and has no great antero- 
posterior extension. 

The tibia of Anthracotherium (Kowalevsky, ’73, Taf. X, Fig. 29) is much like that 
of Llotheriwm, but is relatively shorter and heayier. Sus also has a similar tibia, differing 
only in minor details. The tibia of Hippopotamus is of the same general type, but is 
extremely short and massive. ; 


The jibula is complete and is not codssified with the tibia at any point, but is, neyer- 
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theless, very much reduced. The proximal end is laterally compressed and very narrow, 
but retains considerable antero-posterior extent, and bears a narrow, obliquely placed and 
slightly convex facet for the tibia. The shaft tapers and becomes exceedingly thin and 
delicate, though of very irregular shape; distally the shaft thickens much in the fores 
and-aft diameter, but remains very narrow. ‘The distal end forms a large external mal- 
leolus, but continues to be very narrow. The malleolus projects inward beneath the 
tibia and has a narrow facet which presents proximally and articulates with the facet, 
already mentioned, on the distal face of the tibia. The astragalar facet is quite large, 
extending for almost the whole thickness of the malleolus and curying downward in 
front; the caleaneal facet, which occupies the entire distal end of the fibula, is narrow, but 
has a very considerable antero-posterior extension. On the outer side of the malleolus are 
two deeply incised sulci for the peroneal tendons. In Sus the fibula is very much stouter 
and less reduced than in Hlotheriwm, while the distal end is less enlarged and does not 
extend beneath the tibia. The fibula of Aippopotamus is relatively very slender, but it 
differs from that of the White River genus in having a smaller proximal and very much 
larger distal end. 


Measurements. 
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The éarsus has undergone little specialization, although the hind foot, like the fore 
foot, is didactyl. | 

The astragalus is elongate, though broad and massive as well. The proximal 
trochlea is deeply but very broadly grooved and its two parts are unequal, the external 
condyle rising much more, both proximally and dorsally, than the internal, but not pro- 
duced so far distally. While the outer condyle is widely separated from the cuboidal 
facet, the inner one is continued so far distally as to become confluent with the nayicular 
surface. A very large and deep pit occupies a great part of the dorsal surface between 
the proximal and distal trochlese. The distal trochlea is broad and is unequally divided 
into facets for the cuboid and nayicular, the latter being much the wider and of a different 


shape. The surface for the cuboid is strongly convex in the dorso-plantar direction, but 


nearly plane transversely, while the navicular facet is hour-glass shaped, and on the fibular 
side of the median line has a distinct, though wide and shallow groove for a corresponding 
ridge on the proximal side of the navicular. The junction of the two facets forms a sharp 
but not prominent edge. | 

The facets for the caleaneum somewhat resemble those which we find in Ancodus, 
but they haye not attained to such a degree of specialization as in the American species of 
that genus. The proximal external facet is divided by a sulcus into two parts, both of 
which are concaye and present distally, as well as laterally. The proximal portion is set 
on a conspicuous prominence of the fibular side of the astragalus, and is clearly visible 
when the bone is seen from the dorsal side, while the distal portion is also prominent, but 
is concealed when looked at from the same point of yiew. The sustentacular facet is very 
large and is strongly conyex in the proximo-distal direction, but almost plane trans- 
versely ; its external border projects as a shelf beyond the body of the astragalus, and 


thus helps to enclose the large and deep sulcus which is found upon the external side of 


the bone. The distal external facet for the caleaneum is very small. The fibular facet 
is well extended in the proximo-distal diameter, but is” narrow in. the dorso-plantar 
direction. as ee AW ss sie ta 
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like that of Elotherium, especially in the proportions of the distal trochlea. In H ippopo- 
tamus the astragalus is remarkable for its extreme shortness, for the asymmetry of its 
proximal trochlea, the outer condyle much exceeding the inner in size, and for the almost 
equal division of its distal trochlea between the navicular and cuboid facets. 

The calcaneum has a long tuber, which is deeply channeled on the external side and 
for most of its length is compressed and rather slender, but swells at the free end into a 
massive, club-shaped expansion, which has a broad, shallow tendinal sulcus on the 
plantar face. From the free end the dorso-plantar diameter of the caleaneum increases 
gradually to the fibular facet, where it reaches its maximum, and from which it contracts 
rapidly toward the distal end. The sustentaculum is very prominent and bears a wide, 
slightly concave facet for the astragalus. The distal astragalar facet is much more 
extended in the dorso-plantar direction than is the corresponding surface on the astragalus 
and indicates an unusual amount of movement between the two bones. The cuboidal 
facet is narrow transversely, but much extended antero-posteriorly ; it is divided, though 
very obscurely, into dorsal and plantar parts, of which the former is the larger and has 
something of a saddle-like shape, while the latter is smaller and concaye. 

Kowaleysky does not describe the caleaneum of /. magnum and his description and 
figures of Anthracotherium do not furnish data for comparison. The calcaneum of Sus 
resembles that of Hlotherium, but is broader and has a tuber of more. uniform thickness, 
“not channeled on the outer side. The articular surface for the cuboid is very distinctly 
divided into two facets, the junction of which forms a sharp ridge. In Hippopotamus the 
ealeaneum has anvexceedingly long and massive tuber, which is greatly swollen at the 
free end. 

The navicular is a large bone, not very broad, but of considerable dorso-plantar 
diameter. The surface for the astragalus is hour-glass shaped, with two concavities sepa- 
rated by a broad, convex ridge, which on the dorsal side is marked by an eleyation of the 
proximal margin. The concavity on the tibial side is the larger of the two and its plantar 
border rises much higher than that of the external concavity. There are three facets for 
the cuboid on the fibular side of the bone, one plantar and two dorsal; the former is very 
strongly convex, projecting well outward, and is high vertically, but narrow antero- 
posteriorly. The two dorsal facets are both small. and plane, and are placed at the 
proximal and distal margins of the nayicular. The plantar hook is very much reduced, 
forming hardly more than a roughened ridge. The distal end is occupied principally by 
the large facet for the ectocuneiform, which extends across the whole dorsal-side and 
much of the tibial side also. Partially separated from this is a minute surface for the 
mesocuneiform. The facet for the entocuneiform is much larger than the latter ; it stands 


isolated at the postero-internal angle of the distal end and is somewhat saddle-shaped, 
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concaye antero-posteriorly and convex transversely. In one species of Elotherium, not 
yet identified, a somewhat different proportion of these cuneiform facets is found ; the 
mesocuneiform facet is larger and that for the entocuneiform smaller and in shape and in 
position more as in the recent pigs. 

Kowaleysky’s figures (’76, Taf. XX VII, Figs. 34, 387) do not display any character- 
istic differences in the structure of the nayicular between the American and the European 
species of Elotherium. In Anthracotheriwum (Kowaleysky, ’73, Taf. XI, Figs. 48, 59) the 
nayicular has a long, massive and rugose hook, given off from the plantar side; the facet 
for the ectocuneiform is relatively smaller and that for the mesocuneiform much larger 
than in Llotherium, and the two surfaces are distinctly separated. Much the same 
deseription will apply to Sus. In Hippopotamus the navicular is very low and broad, and 
its distal facets are well distinguished. 

The entocuneiform is in shape not unlike the rudimentary, nodular metapodials ; it is 
high, narrow and compressed, thickest proximally and tapering distally to a blunt point. 
The navicular facet is relatively large, and is saddle-shaped, with curves the converse of 
those which occur on the corresponding surface of the nayicular. Distally, there is a 
facet on the fibular side for the plantar projection from the head of the third metatarsal. 

This element has not yet been found in connection with Anthracotherium, or with 
the European species of Llotherium. In Sus it is of quite a different form and decidedly 
smaller, while in Hippopotamus it is broader, heavier and shorter than in the fossil form. 

The mesocuneiform is firmly ankylosed with the ectocuneiform, but its shape is, 
nevertheless, clearly distinguishable ; it does not extend quite so far distally as the latter and 
is very small, especially transversely, and narrows toward the distal end. Its facet for the 
second metatarsal is obscurely displayed and it has no contact with the third. In #. magnum 
(Kowalevsky, Taf. X XVII, Figs. 85, 37) the two cuneiforms are even more completely 
fused than in the American species. In Anthracotherium the mesocuneiform is separate 
and has a large surface for articulation with the second metatarsal, as is also the case in 
IMippopotamus. In Sus this element is likewise distinct, but higher and narrower, and 
articulates with the second metatarsal more extensively than with the third. 

The ectocuneiform is a large bone, of irregularly quadrate shape; its proximal 
surface bears a large, plane facet for the navicular, and the distal end is occupied by a 
still larger surface for the third metatarsal ; the latter is abruptly contracted toward the 
plantar side. On the tibial side and distal to the mesocuneiform is a minute lateral facet 
for the second metatarsal. The contact with the cuboid is restricted to two facets near 
the proximal end, one dorsal and the other plantar, of which the latter is the smaller, but 
the more prominent. In £. magnum this bone is very much as in the American species, 
but the distal facet is of a different shape, not contracting so much toward the plantar 
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side (Kowalevsky, Taf. XX VII, Figs. 35). In <Anthracotherium (Kowaleysky, ’73, 
Taf. XI, Figs. 48, 59) the ectocuneiform is lower and has a more extended connection 
with the second metatarsal. The ectocuneiform of Hippopotamus is low, but very broad, 
in keeping with the great size of the third digit. In Sws this element is not so wide as in 
Hlotherium, and differs from that of all the genera mentioned in having no contact with 
the second metatarsal, from which it is cut off by the articulation of the mesocuneiform 
with the third. 

The cuboid is massive and large in all its dimensions, high, broad and thick. The 
proximal surface is about equally divided between the facet for the caleaneum and that 
for the astragalus, though the latter is slightly the wider. This facet, which is simply 
concaye antero-posteriorly, is widest near the dorsal border, and in the middle of its 
course is deeply emarginated from the tibial side. The calcaneal facet is imperfectly 
divided into two parts, of which the dorsal portion is much the larger, particularly in 
width, while the plantar portion curyes inward so as to lie, in part, behind the astragalar 
surface. The cuboid is firmly interlocked with the navicular by means of the deeply 
concave facet on the tibial side near the plantar margin, which receives the projection 
from the navicular already described. Dorsally the contact between these bones is 
limited to two small facets, one of which is proximal, and the other is distal on the navi- 
cular, median on the cuboid, where it helps to form the projection between the navicular 
and the ectocuneiform ; this prominence is, however, very short. The facets for the 
ectocuneiform are also dorsal and plantar, and are just distal to those for the navicular. 
The distal end of the cuboid is taken up by the large facet for the fourth metatarsal, that 
for the rudimentary fifth being very small and lateral in position. The plantar hook is 
not long, but is very broad and massive, and bears on its tibial side a facet for the pos- 
terior projection from the head of the fourth metatarsal. 

In Elotherium magnum (Kowalevsky, ’76, Taf. XX VII, Figs. 34-36) the cuboid is 
not so high in proportion to its breadth as in the American species, and the tendinal 
suleus on the fibular side is deeper. The cuboid of Anthracotherium is broader and lower 
and has, of course, a larger and more distal facet for the fifth metatarsal. In Sus similar 
proportions recur, and the division of the calcaneal surface into two parts is complete. In 
Hippopotamus the cuboid is very low and broad, and the astragalar facet is much wider 
than the calcaneal. 

The metatarsus, like the metacarpus, consists of two functional (iii and iv) and two 
rudimentary members (ii and y). . ; 

Metatarsal IT is a small nodule, which is much compressed laterally and tapers to a 
point at the distal end; the articulations are proximally with the mesocuneiform and 
laterally with the ectocuneiform and mt. iil, 
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Metatarsal IIT is considerably longer than the corresponding metacarpal and of a 
different shape, being much narrower transversely and thicker in the dorso-plantar dia-- 
meter. The head is of moderate width, but the long and massive projection from the 
plantar side gives it great thickness. On the tibial side of the head is a depression in 
which lies the nodular mt. ii. The plantar projection bears a rounded, plane facet on 
each side; that on the tibial side is for the entocuneiform, and that on the fibular side is 
for mt. iv; a second facet for mt. iv is formed by a shallow depression near the dorsal 
border. The shaft of mt. iii is long, straight and slender; it is flattened on the plantar 
and fibular sides, rounded on the others. Toward the distal end the shaft gradually 
expands both in width and thickness; a very prominent and rough tubercle is developed 
on the fibular border of the dorsal face, just above the trochlea. The latter is rather 
low and narrow and has a prominent carina, which is confined altogether to the plantar 
face. 

Metatarsal [V is a counterpart of mt. i, with which it forms a symmetrical pair, 
though the plantar projection is even larger and heayier than that of the latter and articu- 
lates with the posterior hook of the cuboid. The connection with mt. iii is by means of 
two facets, the dorsal one a low, rounded prominence which fits into the depression on mt. 
iii already described, and the plantar one on the tibial side of the posterior projection. 
The two metatarsals are held very firmly together, externally by the hook of the cuboid 
and internally by the entocuneiform. A small depression on the fibular side of the head 
lodges the rudimentary mt. vy. The shaft and distal trochlea are like those of mt. iii. 

Metatarsal V is even more reduced than mt. ii. It has a thickened club-shaped head, 
which bears a facet for the cuboid and another for mt. iv, the two meeting at a very open 
angle. What remains of the shaft is slender and styliform. The mode of digital 
reduction in the pes, as in the manus, is entirely “inadaptive,” the rudimentary mt. ii 
still clinging to the mesocuneiform and preventing mt. iii from reaching that tarsal, which 
is much diminished in size, while the ectocuneiform follows the enlargement of mt. iii. 

Kowaleysky found no metatarsals associated with H. magnum. In Anthracotherium 
(Kowalevsky, 73, Taf. XI, Figs. 45, 55, 59) the lateral metatarsals are still large, func- 
tional and proyided with phalanges ; the median pair are relatively shorter and heavier 
than those of Hlotherium, but in other respects resemble them closely. Hippopotamus 
has very short and massive metatarsals, which do not exceed the metacarpals in length 
and which retain the primitive mode of articulation with the tarsals. The metatarsals of 
Sus differ from those of Elotheriwum in much the same way as do the metacarpals of the 
two genera. The laterals are still functional, though much reduced, and the medians are 
short and very heayy, with the carinze completely encircling the distal trochlee ; mt. iii 


has acquired an articulation with the mesocuneiform, cutting off mt. ii from the ecto- 
cuneiform, 
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The phalanges of the pes differ from those of the manus principally in their greater 
slenderness. The first phalanx is a little longer than that of the fore-foot, and decidedly 
more slender ; the proximal trochlea is less deeply concave and the groove for the carina 
narrower and deeper. ‘The second phalanx is of nearly the same length as in the fore- 
foot, but is much narrower and somewhat less asymmetrical in form. As Kowalevsky 
points out, the proportions of this phalanx are very exceptional among ungulates. The 
ungual is smaller in every dimension than that of the manus and, in particular, is nar- 
rower. Apparently, Anthracotherium (Kowalevsky, ’73, Taf. XI, Figs. 52, 53) displays 
the same difference between the phalanges of the pes and those of the manus as does 
Lilotherium. In Sus and Hippopotamus the phalanges of the two extremities differ very 
little. 


Measurements. 
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EVAN) THE OSTEOLOGY OF ELOTHERIUM. 


X. Restoration or Exornertum (Plate XVII). 


The skeleton of this genus has a remarkable and even grotesque appearance. As in 
so many of the White River genera, the skull is disproportionately large, and the 
immense, dependant projections from the jugals, together with the knob-like protuberances 
on the mandible, produce a highly characteristic effect. The long, straight face, the 
prominent and completely enclosed orbits, the short cranium, the high sagittal crest, and 
the enormously expanded zygomatic arches give a certain suggestion of likeness to the 
skull of Hippopotamus. The neck is short, nearly straight and very massive, with 
prominently developed processes for muscular attachment. The trunk is short, but 
heavy ; the anterior thoracic spines are yery high and heavy, while those of the posterior 
region are short and quite slender. In consequence of the sudden shortening of the 
. thoracic spines, a conspicuous hump is formed at the shoulders. The thorax is of 
moderate capacity and the loins are short. The tail appears to be of no great length, 
though the individual vertebrae are greatly elongated. The limbs are long and rather 
slender, and the fore and hind legs are of nearly equal height ; the humerus and femur 
are almost the same in length, as are also the radius and tibia, while the pes is somewhat 
longer than the manus. The scapula is very large, especially in the vertical dimension, 
which considerably exceeds the length of the humerus, and has a short but prominent 
acromion ; the pelvis, on the other hand, is rather small, the ilium haying a long and 
slender peduncle, and only a moderate anterior expansion. The elongate limbs and 
slender, didactyl feet are in curious contrast to the huge head and short, massive trunk, 
and form a combination which would hardly haye been expected. 

Prof. Marsh has published, with a yery brief explanatory text, a restoration of 
Llotherium (94, Pl. 1X) which differs in several details from the skeleton here figured. 
It is difficult to tell from the data furnished exactly how much of this restoration is con- 
jectural, or to determine how far the discrepancies to be mentioned are the result of the 
association of parts of many different individuals in a single figure, and how far they are 
due to actual specific characters. On comparing the two figures, one is struck by the 
following differences: (1) In Marsh’s restoration the skull is somewhat smaller in pro- 
portion to the length of the limbs. (2) The neck is more slender and the spines of the 
cervical vertebrae, notably those of the sixth and seventh, are much less developed. (3) 
The trunk is’ decidedly longer and twenty thoraco-lumbar vertebrae are figured. No 
reason is assigned for this departure from the well-nigh universal formula of the artio- 
dactyls, which is nineteen, and we are therefore ignorant of the evidence by which it is 
supported. (4) The spines of the thoracic vertebree are much more slender and decrease 
more gradually in length posteriorly, so that there is no such decided hump at the 
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withers. These spines are figured as having curious expansions at the tips, which are 
either absent or much less distinctly shown in the skeleton described in the present paper. 
(5) The lumbar region is longer and has neural spines which are lower and incline more 
strongly forward. (6) The conjectural restoration of the presternum is entirely different 
from the specimen herewith figured. (7) The scapula is relatively shorter and broader, 
and has a less prominent acromion. (8) The ilium has a shorter neck, expanding more 
gradually into the anterior plate and with the acetabular border of an entirely different 
shape. The ischium is much more slender, is more everted and depressed at the posterior 
end, and has a much less massive and prominent tuberosity. 

Materials are yet lacking to determine how wide is the range of variation in the 
skeleton of the different species of Hlotherium. So far as I have been, able to observe, 
there are no important differences between the species, save those of size and proportions, 
the larger forms haying more massive as well as longer bones. In particular, the great 
John Day species have exceedingly heavy limb and foot bones. 


XI. THe RELATIONSHIPS OF ELOTHERIUM. 


There has been a very general agreement, among those who have made a study of 
this genus, regarding the systematic position of /lothervwm. The acute, compressed pre- 
molars have, however, led some observers to see affinities with the Carnivora and de Blain- 
ville went so far as to include the genus in his carnivorous family Subursi. Almost 
every other writer has referred these animals to the suillines. Leidy says of it: “ lothe- 
rium is a remarkable extinct genus of suilline pachyderms. .... Its allies among 
extinct genera are Cheropotamus, Palwocherus, Anthracotherium, and among recent 
animals the Hog, Peccary and Hippopotamus” (69, p. 174). Kowalevsky expresses the 
same idea in a more definite and specific way: “Schon bei dem ersten Anblick der 
Bezahnung bleibt kein Zweifel tiber die Familie zu der diese Form gehoért, nimlich den 
Suiden ; sie bildet aber darin wegen des auffallenden Baues der didactylen Extremititen 
eine sehr eigenthiimliche Gattung. Ploétzlich konnte eine derartige Form sich nicht 
bilden, das Entelodon hatte gewiss Vorahnen, deren Knochenbau einen allmialigen 
Uebergang von der tetradactylen zu der didactylen Form vermittelten, bis heute aber 
sind uns solche noch ginzlich unbekannt” (76, p. 450). Zittel refers the genus to the 
Achenodontine, a subfamily of the Suide (94, p. 335). Marsh erects a separate family 
for the genus, and says of it: “The Hlotheride were evidently true suillines, but formed 
a collateral branch that became extinct in the Miocene. ‘They doubtless branched. off in 
early Eocene time from the main line which still survives in the existing swine of the old 
and new worlds” (’94, p. 408). Schlosser has expressed a somewhat different opinion 
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and has referred the genus to the bunodont division of the family Anthracotherude, which 
family he derives from an Eocene stock common to the Anthracotherude, the Anoplothe 
ride, the Hippopotamide and the Suide (’87, p. 80). 

The complete account of the dental and skeletal structure of Hlotherium is now 
before us and yet it is hardly less difficult than before to determine its phylogenetic 
relationships and systematic position. The genus is so far specialized that it implies a 
long ancestry, not a member of which is, as yet, certainly known, although there are 
certain Eocene genera which throw some light upon the problem. In the absence of this 
ancestral series, we are without any sure criterion by which to distinguish parallelisms 
from characters of actual affinity, since only by tracing, step by step, all the gradations 
of a differentiating phylum, can we safely determine the true position of its members. 
However, some facts seem to bear a clear and definite significance. In the first place, it 
is plain that Marsh is right in forming a separate family for this genus, as it belongs to a 
line which diverged very early from the main stem, whatever that was. In the second 
place, the relationship of this family to the Suide must be a very remote one. When we 
compare the skeleton of Hlotherium with that of the swine and peccaries, point by point, 
the only notable resemblance between the two groups is found to consist in the bunodont 
character of the molar teeth, and this resemblance, standing by itself, cannot be regarded. 
as at all decisive. The selenodont molar has been independently acquired by several 
distinct lines, and so far as the artiodactyls are concerned, the bunodont pattern is almost 
certainly the primitive one. That two widely separated families should each haye 
retained a common primitive character is too frequent a phenomenon to excite surprise. 
In all other structures, skull, vertebral column, limbs and feet, no particularly close cor- 
respondences between the Elotheriide and the Suide can be detected, though that a 
common early Eocene progenitor should haye given rise to both families is altogether 
likely. 

Between Elotherium and Hippopotamus, on the other hand, are many points of 
resemblance. The likeness in the dentition is here quite as great or even greater than 
between either of these genera and the Suide. In the skull there is much to suggest 
relationship, though combined with many striking differences, which may perhaps be 
referable to different habits of life, such as the enormous massiveness of the premaxillary 
and symphyseal region in the modern genus, the peculiar development of the canines and 
incisors and the elevated tubular orbits. In the skeleton the two genera are widely 
separated ; Hlotherium is a long-limbed, long-footed, didactyl creature, with small thorax 
and slender ribs, evidently of terrestrial habits. Hippopotamus, on the contrary, is a 
short-limbed, short-footed, tetradactyl and isodactyl form, with immense thorax and 
broad, almost slab-like ribs, which is chiefly aquatic in its habits. Whether the resem- 
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blances in skull and dentition indicate any relationship between the two families can be 
determined only when their history has been worked out. In any event, it is not prob- 
able that the relationship can prove to be closer than that both lines were derived from a 
common stock which separated from the other Artiodactyla at a very early date. 

As has already been observed, no direct ancestors of Elotherium have yet been 
recovered, but there are certain Eocene forms which seem to be related to these unknown 
ancestors in such a way as to suggest the character of the latter. The Achwnodon 
(Hlotherium) wintense of Osborn (95, p. 102) is such a form and differs from the 
A. robustum of the Bridger in the “ great elongation of the face and the shortening of the 
cranium, both of which characters relate it to Hlotherium” (l. c., p. 103). This species 
is more specialized in several respects than the White River Elotheres, and like its fore- 
runners of the Bridger, A. robustwm and A. insolens, it has but three premolars in each 
jaw, and hence is not at all likely to be ancestral to the later genus. In the Wasatch 
Achenodon is represented by A. (Parahyus) vagum Marsh, which likewise has but three 
premolars, and, so far as it is known, differs from the Bridger species only in its smaller 
size. ‘There is some reason to think, as Osborn has pointed out, that even A. wintense had 
four functional digits. 

While it is very unlikely that Achwnodon can have been the direct ancestor of Hlothe- 
rium, there are, nevertheless, so many suggestive resemblances between the two genera, and 
the types of their dentition are so nearly identical, that we can feel little doubt as to their 
real phylogenetic relationship. In this case, Achwnodon will represent a somewhat modi- 
fied side-branch of the stem which culminated in Hlotherium. A species of Achwnodon, 
or of some closely allied genus, with unreduced dentition and unshortened face, may well 
prove to be the desired ancestral form. If so, the line had already become distinct in the 
Wasatch and the group thus has no subsequent connection with any existing artiodacty] 
family, unless possibly with the Aippopotamide. Elotherium would. then represent. the 
termination of an ancient and very peculiar line, which attained a remarkable degree of 
specialization in many parts of its structure and which extended its range over the whole 
Northern Hemisphere. At the same time, the cerebral development of the genus was 
very backward and this was doubtless one, at least, of the factors which led to its extine- 
tion. After the John Day, the line disappeared, leaving no successors. 
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EXPLANATION OF THE PLATES. 


Plate X VIT. 


Skeleton of Hlotherium ingens Leidy, from the Titanotherium beds of South Dakota, about ;'; natural size. Only 
the eighth thoracic vertebra and the distal ends of certain ribs are conjectural. The tail may well haye been considerably 


longer, as only the vertebrae associated with the skeleton have been drawn. 


Plate X VIL. 


Fig. 1. Hlotherium mortoni. Basal view of skull, } nat. size. Ty, tympanic bone ; ¢, canal opening above and behind 
the posterior nares. 


Fig. 2. Hlotherium mortoni. Oecciput from behind, + nat. size. 
Fig. 3. Hlotheriwm ingens. Atlas, ventral side. 
Fig. 4, Hlotheriwm ingens Axis, left side. 
Fig. 5. Hlotherium ingens. Fifth thoracic vertebra, from the front. 
Fig. 6. Hlotherium ingens. Last lumbar vertebra, from behind. _ es, episphenial process. 
Fig. 7. Hlotherium ingens. Anterior caudal vertebra, from above. 
8. 


Fig. 
Fig. 


Fig. 10. Hlotherium ingens. Right ulna and radius. 


Hlotherium ingens. (?) Fifth caudal vertebra, left side. 
Elotherium ingens. Posterior caudal. 


Se 


Fig. 11. Hlotherium ingens. Right manus. ii, second metacarpal (conjectural) ; v, fifth metacarpal. 
Fig. 12. Hlotherium ingens. Right pes. ii, v, second and fifth metatarsals. 


(Figs. 3-12 are approximately 4 nat. size and are of bones belonging to the skeleton figured in Plate XVII.) 
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ARTICLE VIII. 
NOTES ON THE CANIDA OF THE WHITE RIVER OLIGOCENE. 
BN Weebe ie CO I: 
(INVESTIGATION MADE UNDER A GRANT PROM THE ELIZABETH THOMPSON FUND OF THE A. A, A. S.) 
(Plates XIX and XX.) 


Read before the American Philosophical Society, February 4, 1898. 


The problems concerning the origin and mutual relationships of the various families 
into which the Carnivora Fissipedia are divided have not yet been satisfactorily solved, 
principally because of the rarity of well-preserved fossils representing the earlher and 
more primitive members of the families. Especially obscure are the questions dealing with 
the derivation and systematic position of the Heide, a family which by many authorities 
is regarded as occupying an entirely isolated position, not directly connected with any 
of the other groups. Hardly less puzzling, however, are many of the facts of canine 
phylogeny, such as the relations between the two great series of. the wolves and the foxes, 
and the connection between the many divergent genera of successive geological horizons. 
No satisfactory answer to these questions can be given until many complete phylogenetic 
series of the Carnivora shall have been discovered, for so long as the numerous wide gaps 
which now separate the known members of the various series remain unbridged, those 
series must continue to be largely conjectural. At any time, new discoveries may call for 
an entire readjustment of our views regarding the lines of descent of the different 
families. 

Recently, there has come into my hands some uncommonly well-preserved material for 
the phylogenetic history of the Canide and is the occasion of the present paper. This 
material was obtained for the museum of Princeton University by Messrs. Gidley and Wells, 
who in the summer of 1896 made a collecting trip through the Bad Lands of Nebraska and 
South Dakota. They had the good fortune to discover certain unworked localities where 
the exposures of the White River Oligocene proved to be richly fossiliferous and, in par- 
ticular, yielded many unusually complete specimens of primitive dogs. A study of this 
material has brought to ight some very remarkable and unexpected facts, which, to the 
writer at least, seem to require a revision of some current views upon the phylogeny of 
the carnivorous families, and to throw some light upon the obscure and difficult problems 
relating to the origin of the cats, The most valuable of these specimens are referable to 
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the genus Daphenus Leidy, which has long been known, though but very imperfectly, and 
several partially preserved skeletons permit an almost complete account of its osteology to 
be given. 


DAPH/ZENUS Leidy. 


Proc. Acad. Nat. Sei. Phil., 1853, p. 893. Amphicyon Leidy (non Pomel), ibid. 

1854, p. 157; Ext. Mamm. Fauna Dak. and Nebr., 1869, pp. 32, 359; Cope, Ter- 

tiary Vertebrata, pp. 894, 896. Canis Cope, Ann. Rep. U.S. Geolog. Surv. Terrs., 

1873, p. 505. 

This genus represents nearly the most primitive type of dogs which has so far been 
determined from the Tertiary deposits of North America. It was originally described 
and named by Leidy, who afterward mistakenly referred it to the European genus 
Amphicyon, a reference which was also adopted by Cope. Though more than forty 
years have thus elapsed since the first discovery of these animals, singularly little has 
been known about them, for the material obtained has been very scanty and very badly 
preserved. Fragments of jaws, a few very imperfect skulls and fewer limb-bones have 
hitherto been the only specimens found, in spite of long and careful search, and beyond 
the fact that Daphenus was apparently a primitive member of the canine phylum, little 
could be predicated of it. 

The new material gathered by Messrs. Gidley and Wells fortunately removes this 
difficulty and gives us information regarding nearly all parts of the skeleton of these 
curious animals. These skeletal characters are of a very surprising nature and their 
interpretation is by no means easy. Especially remarkable are the many points of 
resemblance which we find between the structure of Daphenus and the corresponding 
parts of such primitive Machairodonts as Dinictis. Aside from the dentition and the 
shape of the mandible, these resemblances in structure between the primitive dogs and 
the early sabre-tooth cats are ubiquitous, and recur in the structure of the skull, of the 
vertebrae, of the limbs and of the feet. To bring out the full force of these remarkable 
characteristics, it will be necessary to enter into a detailed and somewhat tediously minute 
description of the osteology of Daphenus, so that the means of comparison may be com- 
pletely laid before the reader. 


I. Tue Denrition. 


The dental formula of the genus is I 3, C 4, P +, M 3, the same as that of Amphi- 


cyon, a resemblance which caused the erroneous identification of the two genera already 
referred to. 


A, Upper Jaw (Pl. XIX, Fig. 2).—The incisors are closely crowded together and 


form a nearly straight transverse row; they are smaller and occupy less space both 
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transversely and antero-posteriorly than in most recent species of Canis. As in that 
genus, the external incisor is much the largest tooth of the series, and forms with the 
upper and lower canines a formidable lacerating apparatus. The diastema between the 
incisors and the canine is somewhat greater than in Canis, and the premaxillary is quite 
deeply constricted at that point, forming a groove for the reception of the lower canine. 

The canine is of the usual compressed, oval section, but the compression is less 
decided than in Canis, the longitudinal diameter not so greatly exceeding the transverse. 
The fang of the canine is long and stout, producing a marked swelling upon the outer 
face of the maxillary; the crown is of only moderate length, but is both actually and 
proportionately heavier than in the coyote (C. latrans). 

The premolars are notably small and simple; they increase in size regularly from 
the first to the fourth, the sectorial being, of course, much larger than any of the others. 
The first premolar is implanted by a single fang, and has a small crown of compressed 
conical shape, with much less conspicuous internal cingulum than in the recent species of 
the Canide. The second premolar is decidedly smaller than in most of the modern dogs, 
and is separated by longer interspaces from both the preceding and the succeeding tooth ; 
it has a low, pointed, simple and much compressed crown, without the small posterior 
tubercles which are found in nearly all the recent species of the family. The third pre- 
molar is much longer and especially has a higher crown than p 2, but has a similar shape, 
without posterior basal tubercles, and, like p 2, is inserted by two fangs. The sectorial (p *) 
is very primitive in character, as compared with that of the typical recent species of 
Canis. Certain modern members of the family, such as Ofocyon and Canis corsac, for 
example, have, it is true, even smaller and simpler sectorials than Daphenus, but as in 
these forms this is doubtless due to a secondary simplification, they need not be drawn 
into comparison. ‘The primitive character of the sectorial in the White River genus is 
shown in the thick, pyramidal shape of the antero-external cusp (protocone) which is less 
compressed and trenchant than in the modern species, in the smaller size of the postero- 
external cutting ridge (¢7itocone) and in the unreduced internal cusp (deuterocone) which 
is very much larger and more prominent than in Canis, and is carried upon a larger 
fang. ‘The position of this inner cusp with reference to the protocone is the same as in 
the recent genus. As a whole, the sectorial is small and gives to the dentition a decidedly 
microdont character. 

The premolar series of the two sides diverge quite rapidly posteriorly, each tooth, 
except p 1, being oblique in position, with reference to the long axis of the skull, thus 
giving the bony palate its greatest width at the hinder edge of the sectorials. The 
obliquity of the teeth and their divergence posteriorly are even more strongly marked 
than in most recent dogs. 

APS. ——VOL, XIX 2 2 
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The upper molars are large and well developed, though the different species vary in 
this respect, D. vetus having larger tubercular molars than D. hartshornianus. The first 
molar is, in general, like that of Canis, but differs in certain details. Thus, the two 
external cusps are more conical in shape, more nearly equal in size, and are not placed 
so near to the outer edge of the crown, resembling in this respect the upper molars of 
certain creodonts, such as Sinopa; the large inner crescentic cusp is much as in Canis, 
though hardly so prominent, especially in D. hartshornianus ; in D. vetus it is larger. 
The second molar is much like the first in shape and construction, but smaller and some- 
what simplified, the conules being minute or altogether absent. The third molar is very 
small and has a low, transversely oval crown, in which separate elements are not distin- 
guishable. This tooth is rarely preserved and none of the specimens at my disposal 
possess it, though the alveolus for it is almost always present ; it is well figured by Leidy 
COO PLA Fig.) 
B. Lower Jaw (Pl. XIX, Figs. 5, 6, 7). In none of the available specimens are 
the lower incisors sufficiently well preserved to be worth description. 
The canine is very much the same as in the recent members of the family. The 
premolars are somewhat more complex than those of the upper jaw. The first is very 
small and simple, while p. 3, 3 and 4, increase progressively in size and in the develop-. 
ment of the posterior basal cusps. In the more ancient and primitive species ? D. dodgei, 
from the Titanotherium beds, the premolars are lower, thicker transversely and less 
acutely pointed, and have larger posterior basal cusps than in the later species from 
higher horizons. In all the species these teeth are more widely separated than in the : 
modern genera. | 
a3 The molars are very characteristic of the genus, but well-marked specific differences 
may be observed. In ? D. dodgei the anterior triangle of the lower sectorial is of only 
moderate height and the heel is but slightly concave, the outer and inner ridges (Aypo- 
) and entoconids) being very little raised. In D. hartshornianus the protoconid is high, on 
narrow and pointed, and the talon is more concave than in the first-named species, and | 
has more prormanees internal and external es In oe vetus the per cusp, of the 
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The tubercular molars are not preserved in the specimens of ? D. dodgei ; in D. vetus 
they are proportionately larger than in D. hartshornianus. My is relatively large, 
especially in the antero-posterior diameter; it resembles the corresponding tooth of 
Cams, except for the presence of the small paraconid, thus giving to the tooth all the 
elements of a true sectorial, as is also the case in the creodont Jhacide, though in the 
White River genus all the cusps are lower and more tubercular. Mg is quite small, 
though both proportionately and actually larger than in species of Canis of similar 
stature, and is inserted by a single fang ; the crown is of oval shape and has an irregularly 
ridged surface, without distinct cusps. 

As a whole, the dentition of Daphenus is that of a primitive member of the Camda 
and resembles the dentition of the recent members of the family in general plan and 
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II. Tae Sxurz (Pl. XIX, Figs. 1-7). 


The skull of Daphenus is exceedingly primitive in character and plainly shows 
many traces of the creodont ancestry of the genus. Unfortunately, well-preserved skulls 
are exceedingly rare and none of the species is represented by an altogether complete 
specimen. However, several more or less imperfect specimens haye been recovered, 
which together give us information concerning nearly all parts of the skull. 

Asin the creodonts generally, the cranial region, reckoning from the anterior edge 
of the orbits backward, is exceedingly elongate, while the face in front of the orbits is 
very short, slender and tapering. The elongation of the cranium is not due to an enlarge- 
ment of the cerebral fossa, which on the contrary is short, narrow and of relatively small 
capacity. The postorbital constriction, which marks the anterior boundary of the cerebral 
fossa, is notably deep and is remoyed much farther behind the orbits than in Camis. On 
the other hand, the cerebellar fossa is long, and the postglenoid processes occupy a more 
anterior position than in the existing species. In consequence of the elongate cranial 
region, the zygomatic arches are very long, as in the more primitive types of creodonts. 
The upper contour of the. skull is nearly straight, the descent at the forehead being very 
shght and gradual, which gives to the skull an alopecoid rather than a thooid aspect. 
This resemblance is, however, entirely superficial, for the frontal sinuses are large and 
well developed, as in the thooid series of the modern Canidae. The sagittal crest is low, 
but varies in the different species, being decidedly thicker and more prominent in the 
larger and heavier D. vetus than in the smaller and lighter D. hartshornianus. 

Turning now to the more detailed study of the elements which make up the skull, 
we shall find a number of striking and significant: differences from the existing repre- 
sentatives of the family, though the general aspect of the whole is distinctively canine. 

The dasioccipital is broad and quite elongate and has a much more decided median 
keel than Canis. All the occipital bones are firmly ankylosed in the specimens at my 
disposal ; hence, in the absence of sutures, it will be necessary to describe the compound 
bone as a whole, without much reference to the elements of which it is made up. The 
occiput is of quite a different shape from that found in the existing members of the 
family, being broader, lower, and with a wide, gently arched dorsal border or crest (see 
Pl. XIX, Fig. 3); in Canis this crest is pointed and somewhat like a Gothic arch in 
shape. The occipital crest is thin, but much more prominent than in Canis, which is 
due to the larger and deeper depressions of the cranial walls behind the occipital lobes 
a the cerebral hemispheres, the shape of which is plainly visible externally. The 
foramen magnum has much the same low and broad outline as in Canis. The 


condyles are low, but well extended transyersely, and on the ventral side they are sepa- 
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rated by a wider notch than in Canis. The depression, or fossa, external to the condyle 
is very much deeper and more conspicuous than in the modern genus, in consequence of 
which the condyles project more prominently backward from the occiput than in the 
modern dogs. ‘The paroccipital processes are short, but quite stout and bluntly pointed ; 
they project much more strongly backward and less downward than in the living forms, 
and are less compressed laterally. Another difference from the modern genus consists in 
the fact that, while in the latter the paroccipital process has quite an extensive sutural 
contact: with the tympanic bulla, in Daphanus there is no such contact, the minute bulla 
being widely separated from the process. The direction taken by the paroccipital process 
in its course is thus evidently not determined by the size of the bulla, for in the John 
Day genera, Temnocyon, Hypotemnodon and Cynodesmus, in which the tympanic is greatly 
inflated, the shape and direction of the paroccipital are the same as in Daphenus, with 
its insignificant bulla. A considerable portion of the mastoid is exposed on the surface 
of the skull, but it is rather lateral than posterior in position, a difference from Canis, in 
which the mastoid is hardly visible when the skull is viewed from the side. The mastoid 
process is slightly larger than in the existing genus and is channeled on the inner side 
by a groove leading to the stylo-mastoid foramen. 

The limits of the dasisphenoid are not clearly shown in any of the specimens, but 
this element appears to haye much the same broad and flattened form as in the recent 
dogs. The presphenoid is long and narrow and, as in the existing species, is almost 
concealed from view by the close approximation of the palatines and pterygoids along the 
median line. The-ali- and orbito-sphenoids are not well displayed in any of ‘the speci- 
mens, but so far as they are preserved, they differ little from those seen in the more 
modern members of the family. 

The auditory bulla of Daphenus is very remarkable and differs from that of any 
other known carnivore. Its principal peculiarities were observed and noted by Leidy, but 
the material at his command was insufficient to enable him to describe these peculiarities 
with confidence. The tympanic is exceedingly small, and is but slightly inflated into an 
inconspicuous bulla, the anterior third of which is quite flat and narrows forward to a 
point. There is no tubular auditory meatus, the external opening into the bulla being a 
mere hole, but the anterior lip of this opening is drawn out into a short process, some- 
what as in existing dogs. Behind the bulla is a large reniform vacuity or fossa, of which 
Leidy remarks: “ At first, it appeared to me as if this fossa had been enclosed with an 
auditory bulla and what I have described as the latter was a peculiarly modified auditory 
process” (’69, p. 83). Several specimens representing both the White River and John 
Day species of Daphenus show that the fossa is normal and ‘was either not enclosed in 
bone, or, what seems less probable, that the bony capsule was so loosely attached that it 
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inyariably became separated from the skull on fossilization. At the bottom of the fossa 
(i. e., when the skull is turned with its ventral surface upward) is seen the exposed 
periotic, or petrosal, which is only partially overlapped and concealed by the tympanic. 
Such an arrangement is far more primitive than that which is found in any other known 
member of the canine series, and is not easy to interpret. A clue to its meaning may, 
however, be found in the mode of development of the bulla in the recent Canide. Here, 
as is well-known, the structure consists of an anterior membranous and posterior carti- 
laginous portion, which eventually ossify and coalesce into a single bulla. Reasoning 
from this analogy, we may infer that in Daphenus the bulla was also composed of two 
portions, but that only the anterior chamber was ossified, the posterior one remaining 
cartilaginous. Communication between the two chambers was provided for by the space 
which separates the hinder edge of the anterior chamber from the petrosal. If this 
interpretation be correct, it supplies an interesting confirmation of the results derived 
from the ontogenetic study of the recent genera. At all events, it seems much more 
probable that we have to do here with a primitive rather than a degenerate structure. 
The parietals are large and roof in most of the cerebral fossa ; they are much less 
convex and strongly arched than in Canis, in correspondence with the smaller size of the 
cerebral hemispheres, and posteriorly the depressions behind the hemispheres are much 
larger and deeper. As already remarked, the sagittal crest varies in the different species, 
and is much thicker and more prominent in D. vetus than in D. hartshornianus. The 
frontals are more or less damaged in all the specimens and in none of those at my disposal 
is it possible to determine the posterior limits of these bones, though from the position of 
the postorbital constriction we may confidently infer that they formed a smaller proportion 
of the cranial roof than in the modern members of the family. The supraciliary ridges are 
feebly developed, especially in D. hartshornianus, and the postorbital processes are like- 
wise much less prominent than in most of the recent dogs; from this process a ridge de- 
scends downward and backward to the optic foramen, which, though not prominent, is yet 
more so than in Canis. The frontal sinuses are large and yet in spite of them the forehead 
is nearly flat, both longitudinally and transversely, with a very shallow depression along 
the median line. The nasal processes of the frontals are long, narrow and pointed, 
and are separated by only a short interval from the ascending rami of the premaxillaries. 
The sqguamosal is of moderate size and differs only in subordinate details from that 
of Canis. One such difference is the presence of a broad shelf-like projection, the pos- 
terior extension of the root of the zygomatic process, which overhangs the auditory 
meatus and is doubtless to be correlated with the lesser breadth and convexity of the 
brain. The glenoid cavity is like that of the recent species, but has a much more 
distinct internal boundary, due to an elevation of the squamosal at that point. The 
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zygomatic process is stout and well-developed, especially in D. vetus, which has heavier 
arches than a large wolf, while in D. hartshornianus the zygoma is lighter and more 
slender, much as in the coyote. The jugal is strongly curved upward, as well as out- 
ward, and is shaped quite as in Canis, forming nearly the whole anterior and inferior 
boundary of the orbit ; the postorbital process is very feebly indicated, being even less 
prominent than in the modern genus, so that the orbit is more widely open behind. The 
lachrymal is rather larger than in Canis, forming more of the anterior orbital border, and 
has a quite well-developed spine. 

The nasals have a general resemblance to those of Canis, but, in correspondence with 
the shortness of the whole facial region, they are considerably shorter, and somewhat 
broader and more conyex transversely ; their posterior ends are more simply rounded and 
have a less irregular suture with the frontals, while the anterior, free ends are much less 
deeply notched. 

The mazillary is somewhat peculiar in shape, corresponding to the remarkably 
constricted, narrow muzzle. The facial portion of the bone is relatively higher than in 
existing representatives of the family, especially in front, its anterior border rising in a 
steeper and bolder curve. Just in advance of the orbits the maxillaries expand quite 
suddenly in the transverse direction, much more abruptly than in Canis. The infra- 
orbital foramen occupies nearly the same position, with reference to the teeth, as in the 
latter genus, being above the front edge of the sectorial, but it is very much nearer to 
the orbit, which occupies a more anterior position. The palatine processes of the maxil- 
laries follow the shape of the muzzle, and are long, narrow for most of their length, but 
broadening much behind; anteriorly they are emarginated in an unusual degree to 
receive the long premaxillary spines. 

The premaaillaries, especially their alveolar portion, are somewhat narrower than in 
Canis, and behind the external incisor the alveolar border is constricted on each side, 
forming well-marked grooves for the reception of the lower canines. The exposed part 
of the ascending ramus is much narrower than in the modern genus, forming a mere 
strip on the side-of the narial opening. At the same time, this ascending ramus is 
relatively longer than in existing dogs and extends almost to the nasal process of the 
frontal. The anterior narial opening is somewhat larger proportionately than in the 
recent members of the family, especially in the vertical direction, and its borders are less 
inclined ; the floor, formed by the dorsal surface of the horizontal rami of the premaxillee, 
is more simply and deeply concave, and the horizontal rami themselves are less massive. 
The palatine processes of the premaxillaries are distinctly smaller than in Canis, while 
the spines are relatively longer and more slender. ‘The incisive foramina are large and 
from them quite deep grooves are continued forward to the alveolar border, while in the 
modern genus these grooves are very shallow and feebly marked. 
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The palatines are shaped very much as in Canis. As a whole, the bony palate 
differs from that of the latter genus in the greater and more abrupt expansion of its 
posterior half, beginning at p ®; it is also somewhat more concave transversely and has 
a more prominent ridge along the median line, The palatine foramina are likewise 
somewhat different from those of recent dogs; one conspicuous opening on each side 
occupies the same position as in the latter, opposite the middle of the sectorial, but instead 
of a single opening opposite m 1, is a group of two or three minute foramina. 

The Cranial Foramina. Unfortunately, none of the specimens are sufficiently 
well preserved to permit a complete account of the cranial foramina, though the more 
important facts concerning these structures may be determined. Leidy states that in 
D. vetus “the anterior condyloid, Eustachian and oval foramina present very nearly the 
same condition as in the Wolf” (’69, p. 33). The specimen upon which Leidy’s deserip- 
tion was founded, belonging to the Academy of Natural Sciences of Philadelphia, has been 
mislaid and is not at present available for comparison, but the description cited above 
does not altogether apply to the cranium of D. hartshornianus, of which an account has 
been given in the foregoing pages. In this specimen the condylar foramen is widely 
removed from the condyle, much more so than in Canis, and is placed near the edge of 
the reniform fossa which lies behind the tympanic bulla. The existence of this fossa 
remoyes the necessity for a distinct foramen lacerum posterius, which is indicated only 
by a notch in the hinder margin of the fossa ; similarly, the stylomastoid foramen is an 
open groove, only partially enclosed by bone. The postglenoid foramen is large and 
conspicuous and is not concealed by the anterior lip of the auditory meatus as is the case 
in the Johu Day Cynodesmus. The foramen lacerum medium appears to occupy a 
somewhat more internal position than in Canis, though this is not altogether certain, 
because of the unfavorable condition of the fossil just at this point. The Eustachian 
‘anal is more concealed under the long anterior process given off from the tympanic 
bulla than in the existing genus, and the foramen ovale is separated from the entrance to 
the canal by a much more prominent bony ridge, so that the foramen presents forward 
instead of downward. 

By a curious coincidence all the crania of Daphenus in the Princeton museum are 
damaged in such a way that none of them displays the alisphenoid canal, the foramen 
rotundum or the foramen lacerum anterius, though there is no reason to doubt that all of 
these foramina were present and corresponded in position to those of Canis. The optic 
foramen is overhung by a ridge, already described, which is much more prominent than 
in the latter, and the lachrymal foramen is decidedly larger and more conspicuous. The 
parietal is perforated by a venous foramen which opens in the depression behind the 
cerebral hemispheres ; this foramen, the postparietal, is not found in the modern genus. 
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The mandible differs considerably in the various species, though the comparison 
between them can as yet be but partially made, for the only specimen known to me in 
which the angle and coronoid process are preserved, is that figured by Leidy (/. ¢., Pl. I, 
Fig. 2), which belongs to D. vetus. In ? D. dodgei (Pl. XIX, Figs. 6, 7.) the horizontal 
portion of the mandible is thick, heavy and relatively short; the inferior border is very 
far from straight, rising beneath the masseteric fossa almost to the level of the molars and 
descending forward from this point in a bold, sweeping curve, quite as in the modern 
Canis aureus ; the masseteric fossa is very deep and its ventral border forms a prominent 
ridge, distinct from the lower border of the jaw; the symphysis is short and the chin 
abruptly rounded and steeply inclined. 

In PD. vetus the horizontal ramus is of an entirely different shape (see Pl. XIX, 
Fig. 5) being longer, more compressed and slender and with a decidedly straighter 
ventral border ; the symphysis is longer and the chin more gently rounded, rising more 
gradually from the inferior margin of the ramus. The masseteric fossa is quite deeply 
impressed, though less so than in ? D. dodgei, and is very large, extending far up upon 
the ascending ramus. The angle is a stout hook, which is less elevated above the general 
level of the horizontal ramus than in modern wolves or foxes. The condyle also has ¢ 
low position, below the level of the molars, while in recent species the condyle is raised 
above the molars, and in some species very much so. The ascending ramus has great 
antero-posterior extent, by which the condyle is removed far back of the last molar. 
This is a primitive feature which recurs in most creodonts and is evidently correlated 
with the characteristic elongation of the cranium and zygomatic arches. The coronoid 
process is high and wide, and has a bluntly rounded end; it inclines much more strongly 
backward than in Canis and has a much more concave posterior border. The condyle 
resembles that of the recent dogs, but is set upon a more distinct neck, is more extended 
transversely, and is less cylindrical in shape, tapering more toward the outer end. . 

In D. hartshornianus the mandible, so far as it is preserved in the various speci- 
mens, resembles that of D. vetus, save that the horizontal ramus is somewhat shallower 
and more slender. 

The Brain. Very little can be said concerning the brain, since no complete cast of 
the cranial cavity is available for study. The general shape and development of the 
brain are, however, indicated in the specimen of D. hartshornianus already described 
(Pl. XIX, Fig. 1). Its proportions are very different from those found in existing 
members of the family, a difference which may be briefly stated as largely consisting in 
the much greater relative size of the cerebral hemispheres and smaller size of the olfac- 
tory lobes in the modern species. In Daphenus the brain is narrow and tapers 
rapidly toward the anterior end; the cerebellum and medulla oblongata are long, the 
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hemispheres narrow and short, and the olfactory lobes very large. The partially exposed 
cast of the cerebral fossa shows that the cerebral conyolutions are fewer, simpler and 
straighter than in any known species of Canis, and are even more primitive than those of 
Cynodesmus (see Scott, 94, Pl. I, Fig. 2). The only sulcus visible in the specimen’ is 
apparently the suprasylvian, which is short and pursues a nearly straight course, but 
curving downward slightly at both ends. From the external character of the skull it is 


clear that the hemispheres overlap the cerebellum but little. 


Measurements. 
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Ill. Tur VERTEBRAL CoLuMN. 


The vertebral column is remarkable in many ways. All the regions of the column 
are well represented by several specimens of D. vetus and D. hartshornianus, but no com- 
plete backbone belonging to a single individual has as yet been recovered. 

Cervical Vertebre. The collection contains only a single imperfect specimen of the 
atlas and this belongs to D. vetus. Imperfect as it is, this atlas displays some important 
differences from that of Canis and most of these differences are approximations to the 
feline and viverrine types of structure. In Daphenus the atlas is elongate in the 
antero-posterior direction, the anterior cotyles are small and only moderately concave, 
and are somewhat more widely separated on the ventral side than in Canis. When 
viewed from above, the cotyles are seen not to project so far in front of the neural arch 
as in the cats, but farther than in the dogs. The posterior cotyles for the axis are small, 
nearly plane, and but slightly oblique in position, with reference to the fore-and-aft 
median line of the vertebra. These cotyles are more distinctly separated from the 
articular surface for the odontoid process of the axis than in the modern dogs, in which 
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all three facets are confluent. The neural arch is low and broad, considerably elongated 
from before backward, and without ridges of any kind, save an inconspicuous tubercle, 
which represents the neural spine. Near its anterior border the arch is perforated by 
the usual foramina for the first pair of spinal nerves. The inferior arch is very slender, 
forming a more curved bar and has a much less antero-posterior extension than in Canis. 

Wortman (’94, p. 137) has pointed out that the foramina of the atlas display certain 
characteristic features in the various carnivorous families. ‘In all of the Felide which 
I have had the opportunity of studying, the [vertebrarterial] canal pierces the transverse 
process at its extreme posterior edge, where it is thickened and joins the body of the 
bone. The superior edge of this posterior border slightly overhangs the inferior edge. 
.... This character appears to be very constant in the Medidw and so far as we know 
the structure of the atlas in the more generalized NMimravide [Machairodonts], it is true 
of them also. In the Canide, upon the other hand, the foramen for the vertebral artery 
is situated well in advance of the posterior border of the process, and instead of having 
a fore-and-aft direction, as in the cats, pierces the process almost vertically from above. 
In the Viverride and Hyenide the position of the foramen is very much as in the cats. 
There is, however, an important difference between these two families and the felines 
where the artery enters the suboccipital foramen in the anterior part of the atlas. The 
difference consists in the formation of a bony bridge in this situation, which gives to the 
suboccipital foramen a double opening in the hyenas and civets, whereas it is single in 
the cats.” | 

In Daphenus, it is interesting to observe, the foramina of the atlas are in all respects 
like those characteristic of the cats and thus depart in a very marked way from the 
arrangement found in the recent Canide. ‘The transverse processes are broken away, so 
that their shape is not determinable, but enough remains to show that the atlanteo-diapo- 
physial notch is not converted into a foramen, thus agreeing with the canines and felines 
and differing from most of the hyenas and ciyets. 

The axis is likewise feline rather than canine in its general character and appear- 
ance. ‘The centrum is elongate, narrow and depressed, with a thin and inconspicuous 
hypapophysial keel, running along the ventral surface, and has a slightly concave posterior 
face. ‘The articular facets for the atlas are convex and rise higher upon the sides of the 
neural canal than in Canis, and on the ventral side they project below the level of the 
centrum, so that they are separated by a broad notch, which-is not present in the modern 
dogs, and is not well marked in the cats. The odontoid process is a long, slender, bluntly 
pointed peg, with a heavy, rounded ridge upon its dorsal surface, which is continued 
back along the floor of the neural canal. The transverse processes are quite long and 
relatively very stout; they are shorter and heavier than in Canis, and keep more nearly 
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parallel with the centrum, not diverging so much posteriorly. As in the felines, the ver- 
tebrarterial canal is longer than in the modern dogs, and its posterior opening is not vis- 
ible when the vertebra is seen from the side; the anterior opening is larger and is placed 
farther forward than in the recent Canide. ‘The neural canal is proportionately larger 
than in the latter, both vertically and transversely, nor does it contract so much toward 
the hinder end. The neural spine forms the great, hatchet-shaped plate usual among the 
Carnivora, and in its details of structure it is feline rather than canine. In the latter 
group, the spine is not continued back of the postzygapophyses into a distinct process, but 
its hinder borders curve gently into them. In Daphanus, as in nearly all the cats and 
viverrines, the spine is drawn out into a blunt and thickened process behind the zyga- 
pophyses, from which it is separated by a deep notch. The zygapophyses are rather 
small and do not project so prominently from the sides of the neural arch as they do in 
Canis. 

The other cervical vertebree are more slender and lightly constructed than in the 
existing Canide of corresponding stature. The centra are long, narrow, depressed and 
very feebly keeled in the ventral median line; in most of the species this keel does not 
terminate in a posterior hypapophysial tubercle, such as is found in the existing dogs. 
In the largest species, however, D. felinus, the keels are more prominent, especially on the 
third and fourth vertebrae, and there is some indication of the tubercle. The centra are 
slightly opisthoccelous and the faces are somewhat oblique in position. In very few of the 
specimens are the transverse processes sufficiently well preserved to require description, 
and in such cases as they are present (as, for example, on the fifth and seventh cervicals 
of one individual of D. hartshornianus) they display no noteworthy differences from the 
corresponding processes of Canis. The vertebrarterial canal is, however, somewhat longer 
than in the latter. eal i 

The neural arches are very different from those seen in the modern representatives 
of the family. In them the dorsal surface of the neural arch is very broad and on each 
side projects outward as an overhanging ledge, which connects the prezygapophysis with 
the postzygapophysis of the same side ; ridges and rugosities for muscular attachment are 
well marked and in the large species often very prominent; the zygapophyses, and 
especially the posterior pair, project but little in front of and behind the arches, and those 
of each pair are separated by notches of only moderate depth. In consequence of this 
arrangement, there are but small interspaces visible between the successive arches, when 
the vertebree are in position. In Daphwnus, on the other hand, the dorsal surface of the 
neural arch is relatively narrow, somewhat convex transversely and usually smooth, with- 
out ridges or tubercles ; the overhanging ledge which gives such an appearance of breadth 
to the arch in Canis is little developed; the zygapophyses project far in advance of and 
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behind the arch, and between each transverse pair is a deep notch which greatly reduces 
the antero-posterior length of the bony arch in the median line. When the vertebre are 
placed in position, the openings between the successive arches, on the dorsal side, are 
very large and are longer antero-posteriorly than broad transversely. In these peculiari- 
ties of the cervical vertebrae of Daphanus we find no approximation to the structure of 
the cats or the viverrines. 

The neural spines are also quite differently developed from those of the recent dogs. 
The third cervical has no spine, merely a very faintly marked keel, the overhanging 
spine of the axis leaving no room for the development of one on the third vertebra. 
The fourth cervical has a very low spine, and on each successive vertebra the spine 
becomes higher and more pointed; that of the seventh is very high and slender, very 
much more prominent than in Canis, being almost as high, though not nearly so stout, 
as the spine of the first thoracic vertebra in the modern genus. The length of the spines 
in the neck constitutes another similarity to the structure of the felines. 

Thoracic Vertebre.—The number of trunk vertebre characteristic of Daphenus 
cannot as yet be definitely determined for any of the species, for no specimen has been 
found with complete backbone. In one specimen of D. vetus are preserved twelve 
thoracic and five lumbar vertebre and the type of D. felinus contains six lumbars. It is 
altogether probable that the extinct genus agreed with the existing dogs in having 
thirteen thoracics and seven lumbars. The first thoracic has a broad, very much 
depressed centrum, with anterior face convex and posterior face deeply concave. The 
prezygapophyses project forward very strongly and, as in the cervicals, the notch between 
them is very deeply incised, invading the base of the spine, a very different arrangement 
from that seen in Canis; these processes are relatively larger and more concave in 
D. vetus than in D. hartshornianus. The postzygapophyses are much smaller, but 
project prominently from the hinder end of the neural arch, extending both laterally 
and posteriorly ; the articular faces are somewhat convex transversely and have an 
oblique position, presenting outward rather more than downward. The neural spine is 
high and compressed, shaped very much as in Canis, but somewhat more slender. The 
transverse processes are very long, prominent and heavy, especially in the large species, 
D. felinus ; at the distal end of the process is a large and deeply concave facet for the 
tubercle of the first rib. 

The second thoracic very much resembles the first, but has a smaller, narrower, 
lighter, and much less depressed centrum; the prezygapophyses are smaller, less Goncave 
and less widely separated, while the postzygapophyses are larger and present downward, 
instead of obliquely outward, as they do on the first. The transverse processes are much 
smaller in every dimension than those of the first thoracic, and spring from the neural 
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arch at a higher level, though they are still very prominent and carry large, concave 
facets for the second pair of ribs. The neural spine is somewhat heavier than on the 
preceding vertebra, and was probably higher, as well, but in none of the specimens is the 
spine preserved for its entire length. 

The other vertebrae in the anterior part of the thoracic region have rather small 
centra, and in general character are very much like those of Canis. The (?) sixth 
vertebra has a curiously shaped spine, which exaggerates the condition seen in the modern 
eenus; its proximal portion is inclined very strongly backward, while the distal portion 
is curved so as to project upward ; the other thoracics, as far back as the (?) tenth, have 
similar spines. One very marked difference from the recent Canide consists in the deep 
notch which, in Daphwnus, separates the two prezygapophyses. The anticlinal vertebra 
is probably, as in the existing dogs, the tenth, and at this point the thoracic vertebre 
undergo an abrupt change of character, assuming more the appearance of lumbars. In 
Canis the spine of the tenth thoracic is exceedingly small and much lower than those of 
the ninth and eleventh, but in Daphenus, on the other hand, the spine is much better 
developed, both in length and thickness; the postzygapophyses are small, somewhat 
convex and placed high up upon the neural arch, presenting outward. The (?) eleventh 
thoracic is not preseryed in any of the specimens. ‘The (?) twelfth and thirteenth are 
much like lumbars, except for the smaller and lower spines, thickened at the distal 
end, and for the entire absence of transverse processes, which in Canis are present, though 
very short, even on the thirteenth; the anapophyses are remarkably long and stout, 
being much heavier and more prominent than in the recent dogs, and high, massive 
metapophyses rise above the prezygapophyses. 

The lumbar vertebrae (Pl. XIX, Fig. 8) were probably seven in number, though not 
more than six have been found in connection with any one specimen. These vertebre - 
are remarkable for their relatively great size and massiveness, and for the length of all 
their processes, being in these respects feline, rather than canine in character and appear- 
ance. Assuming that seven is the full number, the missing one will then be the third, 
and the following description is made upon that assumption. The centra increase in 
length posteriorly, reaching a maximum in the fifth and sixth, but the seventh is no 
longer than the first, though much broader and heavier. Compared with those of Canis, 
these centra are longer, stouter, less depressed and more rounded. The transverse pro- 
cesses are longer and heavier than in Canis and less so than in the large species of Felis. 
The neural spines are likewise intermediate in character between those of the recent dogs 
and of the larger felines; they are much higher, more extended antero-posteriorly, more 
thickened at the distal end and more steeply inclined forward, than in the former. In 
D. felinus especially, the great height of these spines is very striking and the resemblance 
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of the lumbar vertebrae to those of the contemporary Machairodont Dinictis is very 
great. Another similarity in the structure of the lumbar vertebrae between Daphenus 
and the felines consists in the great height and heaviness of the metapophyses, which are 
much better developed than in the recent Canide ; on the last lumbar these processes 
become very much reduced and are, in fact, almost rudimentary. The anapophyses are 
smaller than on the thoracic vertebrae and diminish in size on each successive yertebra 
posteriorly ; only on the first and second are they very large and prominent. In the 
existing representatives of the Cunidew these processes are rudimentary, except on the 
first lumbar, where they are small. This constitutes another point of resemblance 
between Daphenus and the cats, and emphasizes the statement already made, that the 
posterior thoracic and lumbar vertebra of this Oligocene dog, for as such it must be 
regarded, are decidedly more feline than canine in appearance, using those terms only 
with reference to their modern application. 

The sacrum (Pl. XX, Fig. 14) consists of three vertebrae, and, in correspondence 
with the great development of the tail, it resembles that of the larger cats in many 
respects. Only the first sacral vertebra has any contact with the ilium and bears massive 
pleurapophyses. The centra are much larger and heavier than in the modern dogs and 
the postzygapophyses much more prominent. The resemblance between the sacrum of 
Daphenus and that of the large cats is not very close, and the following differences may 
be noted: (1) the neural spines are much lower and weaker; (2) the neural canal is 
smaller ; (3) the transverse processes of the second, and especially of the third vertebra, 
are decidedly shorter, so that the posterior portion of the sacrum appears much narrower. 
From the sacrum of the recent dogs that of Daphenus differs particularly in its greater 
proportionate length and massiveness. 

Caudal Vertebre (Pl. XIX, Figs. 9, 10).—In none of the specimens of the collection 
is the tail completely preserved, the largest number of vertebre found being thirteen of 
one individual and eleven of another, but enough remains to satisfactorily demonstrate 
its character. The tail is remarkably long and stout and is, in fact, almost as well 
developed as in the leopard or tiger, and, consequently, is much longer and thicker than 
in any of the existing Canidae. 

The first caudal vertebra is quite like that of the lion, but is relatively lighter and 
more slender in all its parts, and has a short but distinct neural spine; the zyga- 
pophyses are very prominent, and even the metapophyses are distinctly shown ; the 
transverse processes are very long, but are not so broad proportionately as in the lion, 
and are quite strongly recurved. Posteriorly the caudal vertebrae become successively 
more and more slender and elongate, while all of the processes are gradually reduced in 
size. The middle region of the tail is made up of extraordinarily elongate vertebre, 
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which are very much like the corresponding caudals of the long-tailed cats, but are 
decidedly longer and more slender proportionately. Near the tip of the tail the vertebree 
become very small. 

The ribs are represented only by fragments, which, so far as they are preserved, do 
not differ materially from those of the modern Canidw. From the character of the pos- 
terior thoracic vertebra, it may be inferred that the eleventh, twelfth and thirteenth pairs 
of ribs did not possess tubercles. 

Of the sternum very little is preserved. One segment of the mesosternum is asso- 
ciated with the type specimen of D. felinus ; it has much the same shape as in modern 
dogs, but is somewhat thicker transversely and shallower vertically, in proportion to its 
length. Another segment accompanies a specimen of D. vetus (No. 11424) and is much 
wider and more depressed than in any of the existing fissipedes, except certain hyzenas. 
As the association of this weathered fragment with the skeleton of Daphanus may be 


accidental, no great stress can be laid upon it. 
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IV. Tue Fore Lines. 

Of the scapula no part has yet been recovered. 

The humerus (Pl. XX, Fig. 15) differs in several important respects from that of 
the recent Canide. Unfortunately, in all of the specimens the proximal end of the bone 
is broken away, so that nothing can be determined with regard to the head, tuberosities, 
or bicipital groove. The shaft is rather short and stout, and is arched strongly forward, 
though less so than in Canis; the deltoid ridge descends low upon the shaft and is very 
prominent, much more so than in the existing canines or felines, though it does not attain 
the exaggerated development seen in the early Machairodonts, such as Dinictis and 
Hoplophoneus. The distal end ‘of the humerus is remarkably cat-like in appearance, and 
does not suggest any relationship with the modern Canide. The supinator ridge is very 
prominent and extends far up upon the shaft, while in Cams this ridge is almost obso- 
lete. The internal epicondyle is very much larger, more rugose and more prominent 
than in the modern genus, quite as much so, indeed, as in the cats, and there is a large 
entepicondylar foramen, bridged over by a stout, straight bar of bone. The anconeal 
fossa is lower, broader, shallower, and altogether more cat-like than in Canis, and does 
not perforate the shaft to form a supratrochlear foramen. The humeral trochlea is 
extremely low, its vertical diameter being conspicuously less than in Canis and less even 
than in Felis, resembling in this respect the humerus of the sabre-tooth Hoplophoneus. 
The shape of the trochlea is of feline appearance, having a simply convex surface for the 
capitellum of the radius, and no such distinctly marked intercondylar ridge or convexity 
as is found in the recent Canidw. The internal border of the trochlea is prolonged 
downward into a large flange. 

The radius (Pl. XX, Fig. 16) is also singularly cat-like in structure and in all its 
parts is much more feline than canine. The proximal end bears an oval and somewhat 
concave capitellum, for articulation with the humerus; its transverse diameter only 
slightly exceeds the antero-posterior dimension. The anterior notch of the humeral 
surface is somewhat more deeply incised than in Fedis, but not more so than in Hop- 
lophoneus, which has an entirely similar capitellum. The articular facet for the ulna 
surrounds more than half the circumference of the head of the radius, which is in 
remarkable contrast to the small size of this facet in Canis. The shape and mode of 
articulation of the bones which enter into the formation of the elbow-joint show that 
Daphenus possessed unimpaired powers of pronation and supination of the manus. In 
the existing members of the Canidae, on the contrary, this power is lost, the head of the 
radius being so much expanded transversely, as to occupy, nearly the whole width of the 
humeral trochlea, and interlocking with it in such a way as to allow only the movements 
of flexion and extension. 

BPs Ol, ES ac Re 


044 NOTES ON THE CANIDH OF THE WHITE RIVER OLIGOCENE, 


The shaft of the radius in Daphenus is slender and has a similar shape to that 
which we find in the cats, although it is not so much expanded distally; it is thus very 
different from the broad, antero-posteriorly. compressed and almost uniform radial shaft 
of the modern dogs. The distal portion of the radius is likewise very feline in appear- 
ance, but is rather lighter and narrower in proportion to the length of the bone ; it is 
conyex anteriorly and quite deeply concave posteriorly, with well-marked sulci for the 
extensor tendons upon the dorsal face. The distal facet for the ulna is small and of sub- 
circular shape and forms quite a projection upon the ulnar side; upon the inner side of 
the distal end is a tubercle, which is even more rugose and prominent than in Felis, and 
more distinctly set off from the carpal surface. This carpal facet has a shape like that 
seen in the cats, and is more concave transversely and narrower in the dorso-palmar 
diameter than in the existing forms of Canide, and its internal border is more prolonged 
distally into a downward projecting flange. 

Had this radius been found isolated, one would hardly have hesitated to refer it to 
one of the Machairodont genera, so completely does it differ from the radius of the modern 
dogs. Fortunately, there is no room for scepticism regarding the reference of this bone 
to Daphenus, for several of the specimens, representing different species, have radii of 
the same type. In this connection, it may be of interest to note that the Eocene creodont 
genus, Miacis, which has a remarkably canine type of dentition, has a very cat-like form 
of radius. 

The uwina is hardly less characteristically feline than the radius. In marked con- 
trast to the creodonts, which haye a very long olecranon, that of Daphenus is rather 
short ; its antero-posterior diameter is proportionately less than in Felis, or even than in 
Canis, and its postero-superior angle is thickened and rugose, though somewhat less so 
than in either of the modern genera mentioned, which gives its proximal border a 
straighter contour than in them. The tendinal suleus is wider and deeper than in the 
recent dogs, less so than in the cats. The sigmoid notch is deeply incised, but describes 
a parabolic curve rather than a semicircle; the proximal humeral facet is relatively much 
wider than in Canis, and is continuous with the broad distal internal facet, which is like- 
wise broader than in the existing dogs and is shaped much as in the cats, while the 
external distal facet is nearly or quite obsolete. The radial facet is large, quite deeply 
concave, and continuous or single, while in Canis it is much smaller and is divided by a 
sulcus into two portions. 

The shaft of the ulna is stout and, in the proximal portion, laterally compressed, 
tapering toward the distal end, where it becomes trihedral in section. In shape this 
shaft is very much like that of the cats and differs entirely from the ulnar shaft of the 
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change which is obviously correlated with the increased size of the radius. The distal 
end of the ulna in Daphenus is narrow and carries a continuous convex articular surface, 
which is not divided into separate facets for the pisiform and pyramidal. The distal 
radial facet is raised upon a prominent projection, another point of resemblance to the 
cats and of difference from the existing representatives of the Canide. 
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V. Tue Manus. 


Of the carpus the only element preserved is a single scapho-lunar of J). vetus, inter- 
esting as showing that the coalescence of these elements had already taken place. This 
bone differs in a marked way from that of both recent canines and felines, but resembles 
the scapho-lunar of the White River sabre-tooth, Hoplophoneus. It is broad transversely 
and thick in the dorso-palmar diameter, but very low proximo-distally, even more so 
than in Canis ; the tubercle at the postero-internal angle of the bone is well marked, but 
smaller than in the felines or modern dogs. The radial facet is simply convex in both 
directions, not having the postero-internal saddle-shaped extension which occurs in the 
recent dogs. This radial facet is reflected far over upon the dorsal and internal surfaces 
of the bone, converting the inner side into a thin edge, formed by the junction of the 
radial and trapezial facets. 

On the distal end of the scapho-lunar are three plainly distinguished facets, for the 
unciform, magnum and trapezoid respectively. The very deeply excavated unciform 
surface reduces the ulnar side of the scapho-lunar to an edge, not very much thicker 
than the radial border, and hence there is no well-defined facet for the pyramidal, such 
as occurs in Canis. The shape and proportions of the unciform and magnum surfaces 
are very much as in the latter genus, but that for the trapezoid is not demarcated from 
that for the trapezium, though there can be little doubt that the latter element articulated 
with the scaphoid, as it certainly does both in Cynodictis and in Canis. The general 
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shape of the scapho-lunar, recalling that which we find among the mustelines, strongly 
suggests that Daphenus had a plantigrade or, at least, a semiplantigrade gait. 

The metacarpus (Pl. XX, Fig. 17) consists of five members, which bear little resem- 
blance to those of the recent Canid@. Schlosser (’88, p. 24) has pointed out the essential 
characteristics of the metacarpus among the modern forms, and it will be well to 
quote his description, in order to make clear how widely Daphaenus departs from the 
arrangement which has been attained by the later representatives of the family. 

“Die Metapodien haben sich auffallend gestreckt und sind zugleich kantig 
geworden. Sie zeigen nahezu quadratischen Querschnitt, in Folge ihres gegenseitigen 
Druckes; sie liegen einander nimlich ungemein dicht an... .. Die distalen Gelenk- 
fliichen haben das Aussehen yon sehr kurzen Walzen und sind beiderseits scharf 
abgestutzt. Es liisst sich eine freilich sehr entfernte Aehnlichkeit mit dem Fusse von 
Hufthieren, namentlich yom Schweine—nicht verkennen. .... Die Anordnung der 
Carpalien ist scheinbar primitiver als bei den tibrigen Raubthieren, wenigstens als 
dieselben unter einander und mit den Metacarpalien nur reihenweise artikuliren, statt 
wechselseitig in einander zu greifen. Auch hat nur das Scapholunare eine etwas 
betrachtlichere Grésse erreicht, Magnum sowie Trapezoid und Trapezium bleiben sehr 
kurz und enden sowohl oben als auch unten simmtlich in einer Ebene. Demzufolge 
liegen auch die proximalen Facetten der Metacarpalien so ziemlich in einer einzigen 
Ebene.” 

This description of the structure of the manus in the recent Canidae does not at all 
apply to Daphenus. In this genus the metacarpals are remarkably short and quite 
slender; they are not very closely approximated, but diverge somewhat toward the distal 
end, and hence they have not acquired the quadrate shape which Schlosser mentions as 
so characteristic of the modern dogs. The general appearance and character of the meta- 
carpals, and their mode of articulation with each other and with the carpals are very 
much as in the wolverine (G'ulo). | 

The jirst metacarpal, even of the large D. felinus, is actually not much longer than 
that of the coyote (C. datrans), but is much longer in proportion to the other metacarpals, 
as well as much stouter and in every way better developed. The proximal end is 
thickened both transversely and antero-posteriorly, and bears a large facet for the trape- 
zium, Which must have been a relatively large bone; this facet is convex in the dorso- 
palmar direction and is yery slightly concave transversely, while in Canis it is deeply 
concave in this direction. In .D. vetus the articular surface for the trapezium is more 
oblique and inclined toward the radial side than in D. felinus. There is no other well- 
defined facet for any carpal but the trapezium, nor for me. ii. The shaft is 
short, slender, of oval or subcircular section, and arched toward the dorsal side. 
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The, distal end is large and has a well-developed trochlea, which is much more strongly 
convex than in Canis and of a different shape, the modern genus haying here a trochlea 
which is more like that of a phalanx than of a typical metacarpal. In Daphenus, but 
not in Canis, there is a well-defined palmar carina, and the lateral processes for ligamen- 
tous attachment are more prominent than in the recent type. 

The second metacarpal is much longer and stouter than the first, though very short 
with reference to the size of the animal and to the length of the other segments of the 
fore limb. The proximal end is not much expanded transversely, but has a great dorso- 
palmar extension, the head projecting much farther behind the plane of the shaft than in 
Camis. 'The facet for the trapezoid is less concave transversely than in the modern genus 
and is of more uniform width, narrowing less toward the palmar side; the ulnar border 
rises more above the head of me. iii and has a more extensive contact with the magnum. 
Though larger than in the recent Canide, this contact with the magnum is much smaller 
than in existing felines, and is of about the same proportions as in the early sabre-tooth, 
Hloplophoneus. ‘The combined facets for the magnum and for me. iii form a_ broad, 
curved band upon the ulnar side of the head, which is made slightly concave to receive 
the adjoining metacarpal. No distinctly marked facet for the trapezium is visible upon the 
radial side. The shaft is short, weak, of transversely oval section, and is arched toward 
the dorsal side. The distal end is expanded, and made broad by the large, rugose pro- 
cesses for the attachment of the lateral metacarpo-phalangeal ligaments, processes which 
are much better developed than in Canis. The distal trochlea is of a quite different shape 
from that seen in the modern genus, being narrower, higher and of more nearly spherical 
outline, and is demarcated from the shaft by a deep depression, such as does not occur in 
the existing members of the Canide. The palmar carina is prominent and thins to a 
narrow edge. 

The third metacarpal is incomplete in the only manus found in the collection 
(D. felinus, No. 11425, Pl. XX, Fig. 17) as it lacks the distal end. The portion pre- 
served is, however, as long as the whole of me. ii and the complete bone was evidently 
considerably longer. The shape of the proximal end is much as in Canis, except for the 
relatively greater dorso-palmar diameter. The magnum facet is narrow, but deep, some- 
what concaye transversely and strongly conyex antero-posteriorly, but less so than in 
existing dogs. The facet on the radial side for me. ii is larger, more oblique and more 
prominent, and is more extensively overlapped by me. ii than in the latter, and the 
surface for me. ivy, while not so deeply concave, is larger. When the third and fourth 
metacarpals are placed together in their natural positions, it is seen that the former rises 
higher proximally than the latter and has a contact with the radial side of the unciform, 
which, though narrow, is larger than in Canis. The shaft is somewhat more slender than 
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that of me. ii and is of a more quadrate section, the dorsal and lateral surfaces forming 
distinct angles. 

The fourth metacarpal has a narrow, but deep head, which projects prominently 
behind the plane of the shaft; the facet for the unciform is slightly concave in the 
transverse and strongly convex in the dorgso-palmar direction. Compared with the cor- 
responding bone of Canis, the following differences in the shape of the facets for the 
adjoining metacarpals may be observed. The surface for me. ili is, as in the recent 
animals, divided into dorsal and palmar portions, but they are not completely separated ; 
the dorsal moiety is much larger, but not nearly so prominent, and the palmar portion is 
much smaller. The facet for me. v is of about the same shape in both genera. The 
shaft is slender and nearly straight, but slightly arched toward the dorsal side; though 
relatively short, it considerably exceeds me. ii in length. The prominence of the lateral 
ligamentous processes gives great proportionate breadth to the distal end. The trochlea 
is like that of me. 11, except for its greater size and presents the same differences from the 
modern type. 

The fifth metacarpal has been lost from the specimen. 

The phalanges are yery remarkable, but can be most conveniently described in con- 


nection with the pes, with which the most complete specimens are associated. 


Measurements. 
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The pelvis is represented by several specimens belonging to D. vetus, D. hartshornianus 
and D. felinus, all of them incomplete, but so supplementing one another, that the shape 
of the os innominatum may be determined, with the exception of the anterior border of 
the ilium, which is unfortunately missing from all the individuals. 

So far as it is preserved, the pelvis is rather feline than canine in character, both in 
its general outlines and in its details of structure. The neck or peduncle of the ilium is 
wider and shorter than in Canis, narrower than in Felis; the anterior plate expands to 
its full width somewhat more abruptly than in the latter, but enough of the broken 
fossils remains to show that the iliac plate has the narrow form which is found in the 
cats and does not expand so much at the free end as in the modern dogs. The gluteal 
surface is not simply concave, as it is in the two recent genera mentioned, but is divided 
into two unequal fossee by a prominent longitudinal ridge, such as occurs, though not so 
prominently developed, in certain viverrines. This feature is repeated in another White 
River dog, Cynodictis, and is almost duplicated in the contemporary sabre-tooth, Dinictis, 
another of the many correspondences between Daphenus and the early Machairodonts. 
The sacral surface is placed much less in advance of the acetabulum than in Canis, and 
occupies about the same relative position as in the cats. The ischial border of the ilium 
is, for most of its length, nearly straight and parallel to the acetabular border, but 
descends more abruptly than in either the recent dogs or cats, and follows a course more 
like that seen in Viverra. As in Canis, the acetabular border is more distinctly defined 
than in the true felines, and ends near the acetabulum in a long, roughened prominence, 
the anterior inferior spine. The pubic border is very short, and hence the iliac surface 
is not well defined. The acetabulum is of moderate size and has somewhat more elevated 
borders than in the cats. 

The ischium, which in the existing Canide@ is much shorter than the ilium, is very 
elongate, and is proportionately even longer than in the felines. The anterior portion of 
this element is straight, rather slender, and of obscurely trihedral section; behind the 
acetabulum the dorsal border is arched upward into a convexity, the spine of the ischium, 
terminated abruptly behind by the ischiadic notch, which is as conspicuous as in the cats, 
while in Canis it is very faintly marked. The posterior part of the ischium is expanded 
‘into a broad and massive plate, which is very rugose upon the external surface. This 
posterior portion is not so strongly everted and depressed as in the modern dogs, and 
there is no such stout and prominent tuberosity, which, again, constitutes a resemblance 
to the cats. . 

The pubis is L-shaped and its anterior, descending limb is unusually long, broad 


. 


and thin, much more so than in the felines or modern dogs. The obturator foramen is 


€ 


300 NOTES ON THE CANID® OF THE WHITE RIVER OLIGOCENE. 


very large, forming an oyal, with its long axis directed antero-posteriorly, in shape and 
size agreeing much more closely with the condition found in the cats than with that of 
the recent dogs. 

The femur (Pl. XX, Fig. 18) is stout, and long in proportion to the length of the 
fore-limb bones, but not very long as compared with the size of the animal. While not 
differing in any very marked fashion from the thigh-bone of Canis, it yet has some 
resemblances to that of the felines. The.small, hemispherical head is set upon a longer 
neck than in recent dogs and has a smaller, deeper and more circular pit for the round 
ligament, than in the latter. As in Can is, the head projects more obliquely upward and 
less directly inward than in Felis. The great trochanter is large and has a very rugose 
surface, but it has no such antero-posterior extension, does not rise so high and is not so 
pointed as in the existing forms of Canide. In consequence of this shape of the great 
trochanter, the digital fossa is smaller and much shallower than in the cats or recent 
dogs. From the great trochanter a sharp and prominent ridge, the linea aspera externa, 
descends along the external border of the shaft. Whether a third trochanter was present 
cannot yet be definitely determined, because in the only two femora preserved in the 
collection, the outer edge of the shaft is broken away at the point where the third 
trochanter would be, if present. In all probability, however, Daphanus did possess this 
irochanter, at least, in rudimentary form, as may be inferred from the analogy of the 
sabre-tooth Dinictis, and still more from the little contemporary dog, Cynodictis, which 
in many respects approximates the structure of the modern Canide more closely than 
does Daphenus. The lesser or second trochanter is larger, more prominent, and of more 
decidedly conical shape than in the recent species of either Canis or Fels. 

The shaft of the femur is long, slender and nearly straight, though slightly arched 
toward the dorsal or anterior side; it differs from that of the modern dogs in its lesser 
curvature, and in broadening and thickening more gradually toward the distal end, and 
from that of the true cats in being more slender and of more nearly cylindrical 
shape. The rotular trochlea is rather narrower transversely than in the true cats, 
or even than in Dinictis, but is characterized by the same shallowness, and resembles 
that of the latter genus in its shortness vertically and lack of prominence. Trans- 
versely, the groove is but slightly concave, and it has much less prominent borders 
than in the existing species of Canis ; these borders are slightly asymmetrical, the external 
one rising a little higher and being a trifle more prominent than the internal. A decided 
difference from both Canis and Felis consists in the fact that the trochlea hardly projects 
at all in front of the plane of the shaft, the anterior face of the latter gradually swelling 
to the level of the groove. In both of the recent genera mentioned, and especially in the 
canines, the trochlea projects prominently in advance of the shaft. 
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The femoral condyles are feline rather than canine in shape; they are small and of 
nearly equal size, though the outer one is slightly the larger of the two, and project 
much less strongly behind the plane of the shaft than in Canis. They are also less 
widely separated and less expanded transversely than in the latter genus. As in so 
many features of the limb bones, the whole distal end of the femur is more like that of 
Dinictis than it is like the corresponding part of the modern dogs or cats. In Dinictis, 
however, the rotular groove is shorter proximo-distally and broader, and the condyles are 
even less prominent. 

The patella is very different from that of the recent Canida, in which group this 
bone is small, narrow and thick, but has more resemblance to that of Dinietis. It is 
quite broad, but very thin in the antero-posterior dimension; the anterior face is more 
roughened than in the Machairodont genus and the proximal end is more pointed, not so 
abruptly truncated. The facet for the rotular trochlea of the femur is, in correspondence 
with the shallowness of that groove, but slightly convex transversely and slightly concave 
proximo-distally. 

The tedca (Pl. XX, Figs. 19, 20) is relatively short and slender, and bears consider- 
able resemblance to that of Dinictis, more than to that of Canis. The proximal facets 
for the femoral condyles are small and but little concave; the outer facet is somewhat 
larger than the inner, and projects farther beyond the line of the shaft, both posteriorly 
and laterally. On the distal side of the overhanging shelf thus formed is a facet for the 
head of the fibula, which is much larger than in the recent dogs and more rounded in shape 
than in Dinictis. The spine of the tibia is very low and is more distinctly bifid than in 
the Machairodont genus, though much less so than in Canis. As in the former, the 
cnemial crest is not very strongly developed; it is far less prominent than in the existing 
Canide and does not descend so far upon the shaft as in them. 

The tibial shaft is slender and nearly straight, not displaying the lateral and antero- 
posterior curvatures seen in Canis; proximally the shaft is of trihedral section, becoming 
approximately cylindrical below and transversely oval at the distal end. The latter is 
shaped much as in Dinictis and is conspicuously different from that of Cans; the 
astragalar facets are less deeply incised, and the intercondylar ridge is less elevated than 
in the latter, but the facets are deeper and the ridge higher than in the Machairodont, in 
correlation with the deeper grooving of the astragalus. The large transverse sulcus, 
which in the recent dogs invades these astragalar facets, is not shown in Daphenus. 
The internal malleolus is very large and resembles that of Dinictis, save that its posterior 
border is more inclined and the process is thus distally somewhat narrower. ‘The sulcus 
for the posterior tibial tendon is very distinctly marked, more so than in Canis. The 
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distal fibular facet is quite large, being much as in Dinictis and consequently much 
larger than in the recent Cande. 

The fibula (Pl. XX, Figs. 19, 20), which is greatly reduced in the modern dogs, is 
in Daphenus much stouter and has heavier ends, both proximal and distal. In Canis 
these ends have the appearance of being reduced and simplified from the condition seen 
in the White River genus. In the latter the proximal end of the fibula is relatively very 
large, especially in the fore-and-aft dimension, in which it considerably exceeds that of 
Dinictis, though the excess is principally due to a large tuberosity which projects from 
the hinder border, and which is present, though much less prominent, in the Machairo- 
dont. The facet for the head of the tibia is longer antero-posteriorly and narrower 
transversely than in the latter, forming a long, narrow, irregular oval. The shaft of the 
fibula is slender, though very much thicker both actually and proportionately than in 
Canis, and has about the same proportions as in Dinictis ; it is laterally compressed, the 
principal diameter being the antero-posterior one, and of oval section, though its size and 
shape vary from point to point in an irregular fashion. 

The distal end of the fibula resembles that of Dinictis, though it is somewhat smaller, 
in proportion to the length of the bone. The enlargement is both antero-posterior and 
transverse and gives rise to a very stout outer malleolus, at the postero-external angle of 
which is a deep sulcus for the peroneal tendons. The distal tibial facet is rather larger 
than that of Dinictis, while the surface for the astragalus is somewhat smaller, the two 


together making a high narrow band. 
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VIL Tur Prs (Pl. XX, Figs. 21, 21a, 22). 
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The pes, which displays structures of the highest interest, is much better represented 
in the collection than the manus and may be more adequately described. Asa pre- 
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liminary, it will be useful to cite Schlosser’s account of the salient characteristics of the 
hind foot among the recent Canidae. 

“Die Anordnung der Tarsalien und Metatarsalien weicht natiirlich weniger ab yon 
jener der iibrigen Carnivoren als jene der Carpalien und Metacarpalien, doch finden wir 
auch hier immerhin einige nicht unwesentliche Modificationen. Es hat sich das Navyi- 
culare ziemlich betrachtlich yerschmilert, so dass es nicht mehr die Aussenseite der 
unteren Astragalus-Partie umhiillen kann. Das Metatarsale I], das sonst nur von zwei 
Punkten mit dem Mt. III in Beriihrung kommt, legt sich hier seiner ganzen Breite nach 
an das Oberende desselben. In Folge der Verkiirzung des Tarsus ist auch der aufstei- 
gende Fortsatz des Mt. V sehr kurz geworden. Die Phalangen haben gleich den Meta- 
podien nahezu quadratischen Querschnitt, die Krallen sind sehr spitz, aber wenig gebogen, 
haben jedoch ziemlich bedeutende Liinge. Die Hunde sind die ausgesprochensten Zehen- 
giinger unter allen Carnivoren” (’88, p. 22). 

In Daphenus the astragalus is decidedly different both from the astragalus of 
Dinictis and from that of Canis, but approximates more the latter. The trochlea is low 
and but moderately grooved, decidedly more than in Dinictis, but less than in the modern 
dogs, and the articular surface does not descend so far upon the neck as in the latter. 
The trochlea is asymmetrical, the outer condyle considerably exceeding the inner in size. 
The neck of the astragalus is much longer than in Hoplophoneus, Dinictis, or even than 
in Canis, and is directed more strongly toward the tibial side of the foot; the head is 
depressed, but very convex. The external calcaneal facet is hardly so large or so 
oblique in position, as in Dinictis, but it is more like the facet seen in that genus than 
like the facet of Canis. The sustentacular facet is shorter and wider than in the 
latter, and the sulcus separating it from the external facet is very much shallower. In 
Dinictis the sustentacular facet has a posterior concave prolongation, such as is not found 
in Daphenus, nor does the latter possess the distal accessory facet for the caleaneum 
which is so distinctly shown in Canis. The navicular facet is depressed, but very convex, 
and there is a small facet for the cuboid. 

The calcaneum is more like that of Dinictis than that of the recent dogs ; though the 
tuber calcis is longer, thinner and more compressed than in either of those groups, and 
its dorso-plantar diameter is more uniform, increasing less toward the distal end ; its free 
end is less thickened and more deeply grooved by the sulcus for the Achilles tendon. 
Along the outer edge of the dorsal border is a quite deep and conspicuous groove, which 
occurs also in Dinictis, but not in Canis. The external astragalar facet is very like that 
of the Machairodont, being more angulated and more oblique in position than in the 
modern dogs, presenting inward as much as dorsally. "The sustentaculum also resembles 
that of Dinictis in being less oblique, much more prcminent and in having its facct much 
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more widely separated from the external astragalar facet than in Canis. In the latter 
genus occurs a third astragalar facet, which is distal to the sustentaculum, and which is 
found in neither Dinictis nor Daphenus. The distal end of the caleaneum is occupied 
by the large cuboidal facet, which is more regularly oval in outline and much more deeply 
concave than in the existing forms of Canide. In these forms we find a facet for the 
nayicular, which adjoins and forms a right angle with the accessory astragalar surface 
already mentioned, but is not present in either of the White River genera. On the 
external side of the calcaneum, near the distal end, is a prominent projection for lga- 
mentous attachment. This process is not present in Canis, but it recurs in Dinictis, less 
markedly in Hoplophoneus, and is found in many of the recent viverrines, mustelines 
and raccoons. 

The cuboid is not peculiar in any noteworthy way ; it is longer proximo-distally 
than in Dinictis and is proportionately narrower and thinner (7. ¢., in the dorso-plantar 
diameter). The long, thick and rugose ridge which on the fibular side of the bone over- 
hangs the sulcus for the peroneal tendons is more prominent, especially on the plantar 
face, than in the Machairodont, but lacks the great, rugose plantar protuberance, which 
occurs in the recent Canide. The facet for the caleaneum is more convex than in 
Dinictis, very much more so than in Canis, in which this surface is almost plane. On 
the tibial face of the cuboid are three facets, a narrow proximal one for the navicular, 
and a median and minute distal facet for the ectocuneiform. The facet for the head of 
the fourth metatarsal is very much more concave than in the modern dogs, while that 
for mt. v is smaller than in the recent forms, and lateral rather than distal in position. 

The navicular, as compared with that of Canis, is short proximo-distally, but broad 
transversely, not having undergone the reduction in width which Schlosser mentions as 
characteristic of the recent members of the family. The astragalar facet is not more 
concave than in the latter, and there is no such stout tubercle on the plantar side of the 
bone as occurs in them. Two very small facets articulate with the cuboid, one near the 
dorsal and the other near the plantar border of the fibular side. The distal facets for the 
three cuneiforms have nearly the same shape and proportionate size as in Canis, but they 
are more in the same transverse line, the surface for the entocuneiform being less dis- 
placed toward the plantar side. 

The entocuneiform is of similar shape, but relatively better developed than in Canis, 
as would naturally be expected from the presence of a complete hallux in Daphenus. 
The bone is long proximo-distally, thick antero-posteriorly, and narrow, though broader 
than in Canis, and its proximal and distal facets, for the navicular and first metatarsal 
respectively, are relatively larger and more concave. The only other facet is an obscurely 
marked one on the tibial side for the mesocuneiform, 
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The mesocuneiform is a very small, wedge-shaped bone, broadest dorsally and thin- 
ning to an edge on the plantar side. The navicular facet is concave and very different 
from the curious oblique surface which we find in Dinictis. As is well-nigh universal 
among the Carnivora, the proximo-distal diameter of this bone is much less than that of 
either of the two adjoining cuneiforms, an arrangement which allows the head of the 
fourth metatarsal to rise above the level of the first and third. 

The ectocuneiform is, as usual, much the largest of the three, though it is not so 
large proportionately as in Dinictis. The shape of this element is very much as we find 
it in Canis, but with certain minor differences. Thus, the proximal end is less extended 
in the dorso-plantar diameter, and the navicular facet is more concave; the plantar 
tubercle has a more constricted neck and enlarged, rugose head; the facets on the tibial 
side for the mesocuneiform and second metatarsal, and on the fibular side the inferior 
facet for the cuboid are more distinctly developed, while the distal facet for mt. 111 is more 
concave and has a shorter plantar prolongation. 

As a whole, the character of the tarsus is rather more machairodont, or viverrine, 
than canine. A conspicuous difference from the tarsus of the modern Canide, is to be 
seen in the fact, that the articulations which in the latter are nearly plane (e. g., the 
cubo-calcaneal) in Daphenus retain their more primitive concavo-convexity. 

The metatarsus consists of five members, which are longer and relatively more 
slender than the metacarpals, though an exact comparison between the two cannot yet be 
made, because the collection contains no specimens in which both metacarpals and meta- 
tarsals are represented by anything more than fragments. 

The jirst metatarsal is considerably longer and stouter than the corresponding meta- 
carpal. In this case we can determine the true proportions, for of the species to which 
the finely preserved hind foot (Pl. XX, Fig. 21) belongs, D. hartshornianus, we also 
possess a pollex, though associated with a different specimen. The almost exactly similar 
skulls of the two individuals show that the animals were of approximately equal size. 
The head of mt. 1 is enlarged in both the transverse and dorso-plantar diameters, and bears 
a roughened tubercle upon the plantar side. The proximal facet, for the entocuneiform, 
is large, and strongly convex antero-posteriorly, nearly plane transversely; no other 
facets are visible on the proximal end. The shaft is slender and arched toward the dorsal 
side; in section it is transversely oval, expanding somewhat at the distal end, where the 
breadth is increased by the prominent tubercles for the lateral ligaments. The distal 
trochlea is small, but well developed, and of irregularly spheroidal shape, with plantar 
carina. The first metatarsal of Dinictis is like that of Daphenus, and certain viverrines, 
such as Cynogale, also have a hallux of much the same proportions, but in all the 
recent’ Canidae, with the exception of certain domesticated breeds, mt. i is reduced to a 
nodule. 
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The second metatarsal is much longer and stouter than the first, but it is much 
shorter and weaker than mt. ii in Canis, and rather resembles that of the viverrine genus 
Cynogale, though it does not have the peculiar shape of the proximal end which charac- 
terizes that genus. In Dinictis mt. ii is somewhat heavier than in Daphenus, but is other- 
wise similar. In the latter the proximal end of mt. ii rises considerably above the level 
of mt. i and ili, owing to the shortness, proximo-distally, of the mesocuneiform, and is 
firmly wedged in between the ento- and ectocuneiforms, an arrangement common to all fami- 
lies of the fissipedes and already general among the creodonts. On the fibular side is a 
wedge-shaped projection which is received into a corresponding depression on mt. il, 
thus making a very firm and close connection between the two bones. Above this pro- 
jection are two facets for the tibial side of the ectocuneiform, one near the dorsal border 
and the other on the plantar projection. The shaft is straighter than in Cams, but is 
slightly arched dorsally, the distal end not curving toward the tibial side, as it does in 
the modern genus. In section the shaft is transversely oval, while in the recent dogs it 
has become trihedral for most of its length, owing to its close approximation to the shaft 
of mt. iii. The distal trochlea resembles that of Dinictis and differs from that of Canis 
in its more spheroidal and less cylindrical shape, and in its demarcation from the 
shaft by a deep depression ; the lateral ligamentous processes are hkewise more symmetri- 
cally developed. 

The third metatarsal is much longer and stouter than the second, the difference 
between the two being greater than in Dinictis or the viverrines, or even than in Canis. 
The proximal end bears a facet for the ectocuneiform, of the usual shape, but the plantar 
prolongation of this facet is shorter and broader than in the last-named genus, and it 
resembles that of Dzinictis in being oblique to the long axis of the bone, inclining 
decidedly toward the tibial side of the foot. The tibial side of this facet is deeply incised 
to receive the wedge-shaped prominence of mt. ii, an incision which does not appear in 
the recent dogs, but occurs, though somewhat less conspicuously, in Dinictis. On the 
fibular side are two facets for mt. iv; one near the dorsal border, which is a deep 
spherical pit, and the other a small, plane surface placed upon the plantar prolongation 
of the head. The shaft, when viewed from the front, appears quite straight, but when 
looked at from the side is seen to have a slight curvature toward the dorsal side. The 
distal end displays the same differences from Canis as do the other metatarsals. 

The fourth metatarsal forms a symmetrical pair with the third, very much as it does 
in the recent dogs and cats, though in Daphanus they are relatively shorter and weaker. 
In Canis these two metatarsals are closely pressed together for most of their length, and 
their shafts have thus acquired a more or less trihedral section, with the approximate 
surfaces flattened, while the distal ends curve away from each other, somewhat as in 
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Poebrotherium. In Daphenus it is only the proximal portions of the two shafts which 
are thus closely pressed together ; for the greater part of their length they are not in 
contact, and thus preserve the primitive oval section. As their divergence is due to the 
relative positions of the tarsal bones, there is no necessity for the lateral curvature of the 
distal ends. The two metatarsals are very closely interlocked and in much the same 
fashion as in Canis. On the head of mt. iv are two facets for mt. ii, of which the dorsal 
one is a stout hemispherical prominence, which is received into the pit on the head of 
mt. 111, already described. The plantar facet is actually upon the plantar rather than on 
the tibial face of the bone ; the prolongation from the head of mt. ii extends around and 
embraces this facet, and by means of the double articulation a very firm interlocking of 
the two bones is effected. On the fibular side of mt. iv is a large and deep depression 
which receives the projection from mt. y. -The facet for the head of the latter is large, 
slightly coneave, and continues without interruption from the dorsal to the plantar 
border, while in Canis there are two distinct and quite widely separated facets. The 
shaft resembles that of mt. 11, but is somewhat more slender. In both of these meta- 
tarsals the distal carina is placed symmetrically with reference to the trochlea, but is less 
compressed and prominent. than in Canis. 

The fifth metatarsal is not completely preserved in any of the specimens, the only 
representative of it being the proximal end, belonging to a large individual of D. vetus 
(No. 11423). As the specimen is incomplete, nothing can be determined respecting its 
length, but probably this was equivalent to that of mt. 11, the two forming a symmetrical 
pair, much as in Dinictis, though mt. v, so far as it is preserved, seems to be somewhat 
the stouter of the two. On the fibular side of the head is a very prominent projection, 
ending in a roughened thickening, and directed obliquely outward and upward, the 
“ascending process” (aufsteigender Fortsatz) of which Schlosser speaks in the passage 
already quoted. In the recent dogs this process is very much reduced, while in Dinictis 
it is of quite a different shape. In the Machairodont the process is a long and promi- 
nent ridge, extending along the whole dorso-plantar thickness of the head, and projects 
much more proximally than externally, while in Daphenus it is a blunt hook which 
projects more outward than upward. ‘The Machairodont Hoplophoneus has the process 
developed in very much the same way as in Daphenus. 


The facet for the cuboid differs from that of Canis in being quite concave transversely 


and in presenting as much toward the tibial side as it does proximally, while in the 
modern genus the facet is small, plane, subcircular in outline and altogether proximal in 
position. On the tibial side is a rounded protuberance whicl fits into the pit on the head 
of mt. iv; this protuberance is more prominent than in Canis and decidedly more so than 
in Dinictis. What little of the shaft is preserved is transversely eval in section, with a 
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sharp ridge running down the fibular side, and is thus quite different from the trihedral 
section, with flattened tibial side, which is found in Canis, and is much more like the 
corresponding metatarsal of Dinictis. 

The parallel arrangement of the metatarsals which we observe in the modern 
Canide is in Daphenus replaced by a radiating arrangement, the bones diverging 
toward the distal end. This distal divergence is, however, less decided in the pes than in 
the manus. 

The phalanges display a very carious and surprising combination of characters. 
They are long, both actually and proportionately ; compared with the tibia as a standard, 
they have about the same length as in the recent species of Canis, but they are decidedly 
longer than in that genus when compared with the length of the metatarsals. 

A proximal phalanx of one of the median digits is long and depressed, but quite 
strongly arched upward or dorsally. The metatarsal facet has quite a different shape 
from that seen in Canis, the transverse diameter being relatively greater and the dorso- 
plantar less. The facet is also somewhat more oblique to the long axis of the phalanx, 
presenting rather more dorsally and less entirely proximally ; the notch for the meta- 
tarsal carina is less deeply incised. Similar differences are observable in the body of the 
bone; its breadth being proportionately greater and its thickness less. The distal 
trochlea, which in Canis describes a semicircle from the dorsal to the plantar surface, is 
in Daphenus much more restricted, projecting less prominently from the plantar side and 
not reflected so far upon the dorsal face. On the other hand, this trochlea is more deeply 
cleft in the median line than in the modern genus and the tubercles for the attachment 
of the phalangeal ligaments are larger. 

Tn all the differences from the modern Canide which haye been mentioned, we may 
observe resemblances to the corresponding phalanx of Dinictis, in which the bone is 
somewhat shorter and broader than that of Daphaenus, and has rather more prominent 
ligamentous tubercles, but is otherwise very like it. 

The proximal phalanges of the lateral digits differ from those of the median pair 
only in being shorter, more slender and less symmetrical, and in haying a lateral curya- 
ture which becomes very pronounced in the hallux. . 

The second phalanx is of about the same length, with reference to the first, as in 
Canis, but_is broader, more depressed, and more asymmetrical than in that genus. The 
proximal facet, for the first phalanx, is more distinctly divided into two depressions by a 
more prominent median ridge, and the beak-like process of the median dorsal border is 
much more pronounced. . The distal trochlea is reflected farther upon the dorsal side and 
projects more from that side, but extends less upon the plantar face ; it is thus more con- 
vex in the dorso-plantar direction, but much less concaye transversely than in Canis. 
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The asymmetry of this phalanx is quite marked: its tibial side is straight, while the 
fibular border is quite concave, and the dorsal surface is hollowed, or cut away, near the 
distal end, allowing a retraction of the claws, lo a limited extent, as may be readily seen 
when the second and third phalanges are put together. This asymmetry of the second 
phalanx is much less conspicuous than in Dinictis, not to mention the modern felines, 
but it is, nevertheless, unmistakable and is certainly one of the most surprising features 
in the whole structure of Daphenus. 

That an animal with the skull and dentition of a primitive dog should prove to pos- 
Sess even imperfectly retractile claws is not what our previous knowledge of the early 
carnivores would have led us to expect. So unlooked for was this character, that at first 
I was strongly inclined to believe that the association of the hind foot shown in Pl. XX, 
Fig. 21, with the skull of D. hartshornianus was an accidental one, and that the pes 
must belong to some genus of felines or Machairodonts as yet unknown. Fortunately, how- 
ever, the collection contains a number of other individuals with more or less well-pre- 
served hind feet, and the agreement among them all is complete. Curiously enough, the 
characteristic second phalanges are preseryed only in connection with the specimen 
figured, but other specimens have parts of the tarsus, metatarsus, proximal and ungual 
phalanges, and a comparison of them shows that the reference of this particular hind 
foot is not open to question. The fact that the pes and the skull were found enclosed 
in the same block of matrix corroborates this inference, though, of course, such a fact is 
not of itself entirely conclusive. 

The wngual phalana is hardly less peculiar than the second, being short, very much 
compressed laterally, and bluntly pointed ; it is very little decurved and has a plainly 
marked groove on the plantar face near the distal end. The narrowness, compression 
and straightness of this claw are in very decided contrast to the heavy and strongly 
decuryed ungual phalanges of the modern Canidae, though among the latter there is con- 
siderable variation in these respects. The articular surface for the second phalanx is 
much more strongly concave than in Canis, permitting a greater freedom of motion in 
this joint, as was necessary in order to provide for the retraction of the claw. The sub- 
ungual process is not so large as in the modern genus and does not project so promi- 
nently upon the plantar face of the bone, but it is produced much farther proximally, 
extending beneath the distal end of the second phalanx, when the two are in their nat- 
ural position. The long hood which envelopes the base of the claw is of about the same 
size and shape as in Canis, though the space between this hood and the body of the 
ungual phalanx is narrower. The ungual phalanx of Dijictis is shorter, more compressed, 
but deeper in the dorso-plantar diameter than in Daphanus, and has a decidedly larger 
subungual process, in correlation with the more complete retractility of the claws. The 
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few specimens of these phalanges which I have seen are without the bony hood around 
the base of the claw, haying much the appearance of the unguals in the viverrine genus 
Cynogale. It is possible that the apparent absence of the hood may be due to the break- 
ing away of that delicate structure, but this does not seem very likely. 


Measurements. 
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The species ate Danian hithorth recognized are chines in number, two of them, D. 
vetus Leidy and D. hartshornianus Cope, from the White River stage, and the third, D. 
cuspigerus Cope, from the John Day. Two additional species are described in the sequel, 
one of which, however, can be referred only provisionally to the genus, until more com- 


plete material has been obtained, though the species in question is evidently very closely 
allied to Daphenus, if not actually referable to it. 


Dapruenvs vetus Leidy. 


Dephenus vetus Leidy, Proc. Acad. Nat. Sci. Phila., 18538, p. 893. Amphicyon vetus 
Leidy, ibid., 1854, p. 157; 1857, p. 90. Extinct Mamm. Fauna of Dakota and 
Nebraska, pp. 32, 369. Cope, Tertiary Vertebrata, p. 896. 


This species has a skull about equal to that of the coyote (Canis latrans) in size, 
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but the vertebrae are much larger and the tail is longer and stouter. The tubercular 
molars of both jaws are relatively larger than in the other species. The inferior sectorial 
has a low anterior blade, and the internal cusp of its talon is reduced in size. The hori- 
zontal ramus of the mandible is long and slender and has a nearly straight inferior bor- 
der. White River. 


DAPHANUS HARTSHORNIANUS Cope. 


Daphenus vetus Leidy, Amphicyon vetus Leidy, in part, loc. cit. Canis hartshor- 
manus Cope, Synopsis New Vert. from Colorado, 1873, p. 9. Ann. Rept. U.S. 
Geolog. Surv. Terrs., 1873, p. 605. Amphicyon hartshornianus Cope, Tertiary 
Vertebrata, p. 896. 


This species is somewhat smaller, and the tubercular molars of both jaws are propor- 
tionately smaller than in the preceding species; the anterior triangle of the lower secto- 
rial is high and acute, and its talon is basin-shaped, with the internal cusp as large as 
the external. The horizontal ramus of the mandible is straight and slender. , Both this 
species and the preceding one have been found in the middle division (Oreodon beds) of 
the White River formation, but not as yet, to my knowledge, in the lower (Titanothe- 
riam beds) or the uppermost division (Protoceras beds). 


DAPHENUS CUSPIGERUS Cope. 


Canis cuspigerus Cope, Proc. Amer. Phil. Soc., 1878, p. 70. Amphicyon entoptycha 
2 


Cope, iid., 1879, p. 872. Amphicyon cuspigerus Cope, Bull. U. S. Geolog. Surv. 
Terrs., Vol. vi, p. 178; Tertiary Vertebrata, p. 898. 


D. cuspigerus is much the smallest known species of the genus. The sagittal crest 
is very short and inconspicuous ; the cranium is fuller and more rounded, the postorbital 
constriction is shallower and more anterior in position than in the White River species, 
and the mandibular ramus is nearly straight and very slender. The inferior sectorial is 


very robust and has a low anterior triangle and basin-shaped heel. John Day stage. 


DAPHENUS FELINUS, sp. nov. 


The inferior dental series of this species slightly exceeds in length that of D. vetus 
and the sectorial is larger. The lower tubercular molars are inserted in the border of 
the ascending ramus of the mandible, and, judging from the alveoli, were reduced in size. 
The horizontal ramus is not much longer, but much heayier than in D. vetus, and has ¢ 


more sinuous ventral border, which rises more beneath the masseteric fossa. The limb 
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bones and yertebree are somewhat larger and heavier than those of D. vetus, and the neu- 
ral spines of the lumbar vertebre are very high and incline strongly forward. In size 
D. felinus is the largest and most massive species of the genus. The type specimen 
consists of a fragmentary skeleton (No. 11425) with which are associated both mandibu- 
lar rami, and which was found by Mr. Gidley in the Oreodon beds of Hat Creek Basin, 
Neb., in 1896. 


? DapHanus DoneGet, sp. noy. 


As already intimated, the reference of this species to Daphenus cannot yet be defin- 
itely made, but the material so far obtained, consisting of lower jaws, affords no sufficient 
ground for separating it from that genus. The inferior dental series is relatively short ; 
the premolars are much smaller, especially in the antero-posterior dimension, than those 
of the later species from the Oreodon beds, but, at the- same time, they are proportion- 
ately thick and heavy. The lower sectorial has a low, massive anterior triangle and a 
basin-shaped talon, with the inner cusp much smaller than the outer. The horizontal 
ramus of the mandible is short, but relatively much stouter than in any of the other 
species, and has a more sinuous ventral border, which rises steeply toward the angle. 

This species is dedicated to my friend, Mr. Cleveland H. Dodge, of New York, 
whose liberality has made possible much of the work undertaken by the Princeton 
Museum and to whose kindness I am under the greatest obligations. 

The type specimen (No. 11422) was found by Mr. Gidley in the Titanotherium 
beds of the Hat Creek Basin. 


Before proceeding to an examination of the next genus of White River Canide, 
Cynodictis, it will be necessary to introduce a brief description of a species which has 
been found in the Uinta stage of the upper Eocene (or lower Oligocene) and which ap- 
parently represents the forerunner of Daphaenus, though more perfect specimens will be 
required before its position in the canine phylum ean be definitely determined. 


MIACIS Cope. 


This form differs from Daphenus in the construction of the upper tubercular 
molars. M1! has an exceedingly broad external cingulum, forming at the antero-exter- 
nal angle a very large projection . the internal unpaired cusp found in Daphenus and 
in all subsequent genera of the Canide is absent in both m1 and m2. The upper secto- 


rial is of very primitive and undeyeloped character in the shortness of the posterior cut- 
ting ridge and the great transyerse breadth of the crown, 


ee 
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Mracis vrnrensis Osborn. 
Bull, Am. Mus. Nat. Hist. N. Y.,-Vol. vu, p. 77. 


Size rather less than that of D. hartshornianus ; upper sectorial relatively small and 
tubercular molars large ; premolars short and thick. 


Measurements. 
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Fie. A.—First upper molar of the left side : 
1, of ? Miacis wintensis. 2, of Daphxnus hartshornianus. 3, of Canis latrans. «w, cusp usually regarded as the 


protocone. 


If Miacis be rightly regarded as having a place in the canine phylum, then the 
structure of its upper tubercular molars is of great interest and will require a reyis- 
ion of the current views concerning the homologies of the cusps in the upper molars of 
the dogs. In Cams, according to the usual interpretation, m 1 is composed of two external 
cusps, the para- and metacones, and at the apex of the triangle of which the para- and 
metacones form the base, an unpaired internal cusp, the protocone, with the proto- and 
metaconules on the anterior and posterior sides of the triangle respectively. Internal 
and somewhat posterior to the protocone is a large crescentic cusp, which is commonly 
regarded as an enlargement of the cingulum, although in unworn teeth a faint cingulum 
may be traced all around this crescentic cusp and is. continuous with the prominent cin- 
gulum which bounds the anterior wall of the crown. If this interpretation of the cusps 
be correct, and further, if Miacis is ancestral to the Canide, them m+ in the Uinta 
genus is without a protocone and has only the para- and metacones, minute conules and 
the large inner crescentic cusp. Itseems much more rational to conclude that the lat- 
ter is really the protocone and that the cusp which has been so named in Canis is an 
additional element subsequently developed. In Daphenus this inner crescentic cusp and 
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the conules are relatively smaller than in the modern representatives of the family, which 
eoes to confirm the conclusion that the name protocone should be given to the innermost 
cusp and that in Canis the middle part of the crown has undergone a special increase in 


complexity. 


CYNODICTIS Gervais. 
Amphicyon Leidy, Marsh, in part. Canis Cope, in part. Gralecynus Cope, non Owen. 


It is with much hesitation that I employ the name of this European genus for North 
American species, for there are certain constant differences which Schlosser (’88,) 
appears to consider as being of generic value. An actual comparison, however, of the 
American forms with specimens of Cynodictis lacustris, Gervais’ type species, and from 
the typical locality, Débruges, has failed to reveal any important differences between the 
two, and, therefore, for the present at least, I retain the name of the European genus for 
the American species, which are very closely allied, if not positively referable to it. 

The structure of these small carnivores, especially of the John ‘Day species, is much 
better known than that of Daphenus, though our knowledge of the White River species 
has hitherto remained very incomplete, and even of the better known John Day forms 
only Cope’s brief descriptions have as yet been published. Despite the fact that Cyno- 
dictis is one of the commoner White River fossils, well-preserved specimens are com- 
paratively rare and of these the greater part consist only of skulls. The bones of the 
skeleton are so small and so fragile that it is exceedingly difficult to obtain more than 
fragments of them. By dint of great care and attention paid to these small forms, 
Messrs. Hatcher and Gidley have succeeded in gathering some very fine specimens for 
the Princeton Museum, and others I owe to the kindness of Mr. John Eyerman. 
Together, these various individuals represent nearly all parts of the skeleton and enable. 
us to reconstruct the animal and to compare it with the better preserved and more 


abundant species of the succeeding John Day formation. 


lL. The Dentition. 


The dental formula of Cynodictis is: I 8, C4, P 4, M 2, differing from that of 
Daphenus only in the absence of the third upper molar. 

A. Upper Jaw.—The incisors are yery small, simple and antero-posteriorly com- 
pressed, giving them chisel-shaped crowns; they increase in size from the first to the 
third, but the latter does not greatly exceed the others; not nearly so much, for exam- 
ple, as in Canis or Daphenus, and hardly more than in the viverrines. A very short 
diastema separates the lateral incisor from the canine. 

The canine has a stout, gibbous fang, which produces a marked convexity upon the 
side of the maxillary ; its crown is quite elongate and somewhat recurved and much eom- 
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pressed laterally. The tooth is relatively smaller than in the recent dogs and thinner 
transversely, and has therefore quite different proportions from those seen in Daphenus. 

The premolars increase in size posteriorly ; in the unworn condition they have high, 
compressed, thin and very acute crowns, but in old individuals, without showing much 
appearance of wear, these teeth have low crowns, elongated in the fore-and-aft direction. 
The first premolar is very small and simple; it is inserted by a single fang and follows 
immediately behind the canine, without a diastema, which is a difference from Daphanus. 
The second premolar is much larger than p!; it is implanted by two fangs and has a 
perfectly simple crown, without posterior basal tubercle, though the cingulum is thick- 
ened at that point. The third premolar is still larger, especially in the vertical height 
of the crown, and is distinguished by the presence of a posterior tubercle in addition to 
the thickening of the cingulum already found in p 2. The fourth premolar is a very 
effectively constructed, though small, sectorial blade, being much more compressed and 
trenchant than in Daphenus. The anterior cusp of the shearing blade (protocone) is 
relatively higher and thinner and has a sharper point and edge than in the latter genus, 
and the posterior cutting ridge (tritocone) is better developed and more efficient. On 
the other hand, the internal cusp (deuterocone) is very much smaller (hardly larger 
proportionately than in Canis) and occupies a more posterior position. In the Euro- 
pean species of Cynodictis the deuterocone is not so much reduced and is placed as far 
forward as in Daphenus. 

The first molar is large, particularly in the transverse dimension, and is of subquad- 
rate outline. Thé outer cusps are high and quite acutely pointed, and the central cusp 
(usually called the protocone) is lower and of crescentic shape, and the internal cusp is 
a broad, crescentic shelf, which occupies about the same position as in Canis. The 
ecnules are very small, but of nearly equal size, a difference from the modern genus, in 
which the metaconule is large, while the protoconule is rudimentary or absent, and even 
in Daphenus the posterior conule is much the larger of the two. The cingulum is very 
prominently developed upon the outer side of the tooth and forms a large projection at 
the antero-external angle, as in Daphenus, though not in Canis, a reminiscence of creo- 
dont ancestry. 

In the John Day species, C. geismarianus and C. lemur and still more in C lati- 
dens, the first upper molar has a much more distinctly quadrate crown, due to the enlarge- 
ment of the metaconule, which has become as large as the central cusp, and to the more 
symmetrical development of the internal cusp (? protocone). In the typical European 
species, C. lacustris, on the contrary, the crown of this tooth retains a more trigonodont 
character. : | 

The second molar is very small, being relatively much more reduced than in Daphe-— 
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nus. It is composed of the same elements as m +, but has a different shape, owing to 
the greater proportionate length, antero-posteriorly, of the inner portion of the crown. 
In appearance this tooth is a miniature copy of that of Canis. 

B. Lower Jaw.—The incisors are very small and closely crowded together, so that 
the fang of i 5 is pushed back out of line with the other two. 

The canine, which is even more compressed laterally than the upper one, is long and 
recurved ; it is separated from p 7 by a very short diastema. 

The first premolar is a very small, simple cone, inserted by a single fang. The sec- 
ond is much larger and is supported by two roots; it has an anterior basal cusp, which 
is formed by the cingulum and is subject to considerable variation, being much larger in 
some individuals than in others. The third premolar has a high, compressed and sharp- 
pointed crown and bears three accessory cusps, anterior and posterior basal cusps formed 
by the cingulum, and a third developed upon the posterior edge of the protoconid, very 
much as in Canis. The fourth premolar is slightly larger than p 3 and has more dis- 
tinetly developed accessory cusps, but on both p 3 and p 4 these cusps are subject to much 
variation and in some specimens they are feebly marked or even absent. 

The European C. intermedius has very similar premolars to those of C. gregarvus, 
and in both species the anterior basal cusps (which are not present in Daphenus) give a 
somewhat viverrine character to the dentition. 

The first molar has a quite elevated anterior triangle, with a high, pointed proto- 
conid and a well-developed paraconid, both of which are more compressed and. trenchant 
than in Daphenus. The metaconid is smaller than in the latter and is placed lower 
down and more posteriorly, so that it is visible from the outer side, much as in the mod- 
ern dogs. The heel is basin-shaped and is composed of a large, crescentic external cusp 
and a smaller internal cusp. In the European species may be observed certain differ- 
ences in the structure of the lower sectorial from the White River form, though these 
differences are not great. In the Old World species the anterior triangle is higher and 
the protoconid less compressed, while the metaconid is larger and occupies a more ele- 
vated and anterior position; in other words, the anterior triangle resembles that of 
Daphenus. Another difference from the American forms consists in the presence of a 
second internal cusp in the heel of the sectorial, which may be observed in most of the 
individuals figured by Schlosser and Filhol. However, in a specimen of C. lacustris from 
Débruges, which the Princeton Museum owes to the courtesy of Prof. Gaudry, this sec- 
ond cusp is not visible. In perfectly unworn teeth of Daphenus hartshornianus a feeble 
indication of this second cusp may be seen. 

The second molar is tubercular and of a narrow and elongate oval shape ; in consti- 
tution it entirely resembles that of Canis; the paraconid has disappeared, while in 
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Daphenus it is still distinetly visible, though very small. The proto- and metaconids 
are of equal size and placed on nearly the same transverse line; these cusps are higher, 
more sharply pointed and more slender than in the recent Canidw. The talon, which is 
somewhat lower than the anterior half of the tooth, retains a distinctly basin-like form. 
In the European species we find a more primitive character of m , in the retention of the 
paraconid. ‘The third molar is very small; it has an oval, roughened crown and is car- 
ried upon a single fang. As Cope has pointed out, this tooth is usually missing in the 
fossils, and occasionally a specimen is found which has not even an alveolus for it. 

The dentition of Cynodictis gregarius is, on the whole, a little more modernized and 
advanced than that of the European representatives of the genus. ‘This advance is shown 
in the reduction of the inner cusp of the upper sectorial ; in the somewhat more quad- 
rate outline of m +; in the less elevated shearing blade and more posterior position of 
the metaconid on the lower sectorial, and, finally, in the more complete reduction of the 
paraconid of m 5. In the John Day species, especially in C. geismarianus and C. 


latidens, the departure from the European type is even more marked. 
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The skull of Cynodictis is decidedly primitive and in general appearance resembles 
that of such viverrine genera as Paradoxurus, rather than that of the modern Canide. 
Among the latter the alopecoid series have skulls more resembling the type of Cynodictis 
than do the thooids, though the Brazilian bush-dog (Jcticyon) is, on the whole, most like 
the fossil in the proportions of its skull. 

In Cynodictis, as in Daphenus, the facial or preorbital region of the skull is very 
short and the cranial portion very long. The occiput is low and the upper contour of 
the skull rises steeply from the inion to about the middle of the parietals, whence it 
descends in an almost straight line to the anterior nares, the only departure from straight- 
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ness being a hardly noticeable concayity or “dishing” of the nasals about midway in 
their length. In Vulpes the profile is quite similar, but the posterior rise from the occi- 
put is much shorter and less steep, and the dishing of the nasals is more conspicuous. 
The sagittal crest is low and weak, and in the John Day C. lemur, the smallest species 
of the genus, the crest is replaced by a lyrate sagittal area. The cranium, though slen- 
der, elongate and contracting anteriorly, is relatively fuller and more capacious than in 
Daphenus, and the postorbital constriction, though much deeper, is as near the orbit as 
in the modern foxes, and is, therefore, much farther forward than in Daphenus. The 
John Day specimens, which Cope has referred to C. gregarius (85, Pl. LX VIII, Fig. 6), 
have an eyen fuller cranium and shallower postorbital constriction, which should, per- 
haps, be a reason for separating these animals specifically from the White River forms. 
The muzzle in Cynodictis is very slender, but tapers gradually and is not so abruptly 
constricted at the line of the infraorbital foramina as in Daphenus. In the European 
representatives of the genus the skull is much like that of the American species, but is 
somewhat more primitive and like that of Daphenus. Thus, the muzzle is more abruptly 
constricted, and the postorbital constriction is deeper and occupies a more posterior posi- 
tion. 

A more detailed examination of the skull brings out the following facts : 

The occiput is low, very broad at the base and narrowing toward the summit less 
than in the large wolves, but more than in Vulpes or Urocyon ; a well-marked median 
convexity is produced by the vermis of the cerebellum. The crest of the inion is low 
and weak, much less prominent than in Daphenus. The foramen magnum differs some- 
what in shape in the different individuals, being in some low and broad, and in others 
of subcircular outline, a difference which may, in part, be due to a slight crushing. The 
dorsal margin of the foramen projects much more prominently than in the recent Canide. 

The basioccipital is long, broad and of nearly uniform width throughout; it is 
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slightly concave transversely, but has a low median convexity, with very feebly devel- 
oped keel, the convexity being much less prominent than in Daphenus. 

The exoccipitals are low and wide and so convex in the median line that this por- 
tion projects much behind the sides. The condyles are low and depressed and are 
separated on the ventral side by a narrower, deeper and more V-shaped notch than 
in the modern wolves or foxes. The paroccipital processes are very small and project 
almost directly backward, as if to avoid the auditory bulla, with which they are not 
in contact at any point. 

The supraoccipital is a large bone, both high and broad; dorsally it is reflected 
over upon the cranial roof, and in this region is thickened and diploéctic. 

The mastoid is exposed quite extensively upon the occipital surface, somewhat more 
so than in the modern representatives of the family, and as the distance between the 
paroccipital process and the postty npanic process of the squamosal is greater than in the 
latter, the mastoid occupies a rather more lateral position. The mastoid process is very 
small, almost obsolete. 

The sphenoid bones cannot be described, as none of the specimens allow the limits 
of these elements to be determined. 

The tympanic differs in very important ways from that of Daphanus. In the first 
place it is inflated into a very much larger auditory bulla, filling out the entire fossa 
and leaving no part of the periotic exposed ; and in the second place, the posterior cham- 
ber of the bulla is ossified and fused with the anterior chamber. The line of junction 
between the two elements which compose the bulla is very plainly marked by a groove 
upon the external surface, and shows the posterior chamber to be considerably the smaller 
of the two. I have not been able to detect any, even partial, septum between the two 
chambers, but such a septum as that of Canis may well haye been present. The bulla 
is relatively as elongate as that of Canis, but is much narrower and more compressed, 
and therefore has a less inflated appearance. The external auditory meatus isa very large, 
oval aperture, without any tubular prolongation, the borders being flat, except the ante- 
rior one, which forms a more prominent lip than in Canis and partially conceals the 
postglenoid foramen. The auditory bulla of Cynodictis is thus thoroughly cynoid in 
development and displays no resemblance to the characteristic viverrine type. 

The parietals are proportionately very large bones and make up the greater part of 
the sides and roof of the cranium. Throughout their length they unite to form a very 
low and weak sagittal crest, which becomes moderately prominent only at the concavity 
of the cranium formed between the occipital crest and the hinder wall of the cerebral 
fossa. Owing to the larger size and backward extension of the cerebral hemispheres, as 
well as to the lowness of the occipital crest, this concavity is shorter and much shallower 
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than in Daphenus. In some specimens, even aged ones, the anterior half of the parietals 
sarries a very narrow sagittal area, rather than a crest, but only in the little C. demur 
from the John Day does this area assume the lyrate form. This fact is of importance in 
determining the primitive or secondary nature of the sagittal crest, concerning which 
there has been some dispute. 

The frontals form relatively as much of the cranial roof as in Canis and have, when 
viewed from above, an hour-glass shape, which is due to the deep postorbital constriction, 
though the depth of this depression varies considerably in different individuals. The 
postorbital processes are very small and owe their prominence entirely to the constric- 
tion. The forehead is slightly convex, both transversely and longitudinally, though in 
some specimens it has a narrow and shallow depression along the median line, such as is 
found, though much more distinctly, in modern species of both Canis and Vulpes. ‘The 
forehead is bounded by the obscurely marked supraciliary ridges converging posteriorly 
to the sagittal crest, which is entirely upon the parietals, none of it being formed by the 
frontals. Anteriorly the frontals are emarginated to receive the narrow nasals, and send 
forward slender nasal processes, which are separated by short interspaces from the 
ascending rami of the premaxillaries. A noteworthy difference from Daphenus consists 
in the absence of frontal sinuses, in which respect Cynodictis agrees with the alopecoid 
series of the modern Canidae, as Daphenus does with the thooid series. The significance 
of this fact will be discussed in a subsequent chapter. 

The sguamosal has a relatively small extension upon the side of the cranium, and 
this portion of it has a different shape from that seen in the modern dogs, the pari- 
etal suture descending very steeply forward from the occipital crest, while in the modern 
genera this suture pursues a nearly horizontal course. From the base of the zygo- 
matic process to the posttympanic process of the squamosal runs a projecting shelf, 
which overhangs the auditory meatus and-is much wider than in Canis or Vulpes, 
though not so broad as in Cynodesmus, Hypotemnodon or Daphenus. The posttym- 
panic process is not larger than in Canis, but is made more conspicuous by the absence 
of any tubular meatus auditorius. The zygomatic process is relatively somewhat heavier 
than in Vulpes, and in shape and proportions much like that of the wolves, though not 
so strongly arched upward; anteriorly it extends to the postorbital process of the 
jugal. The glenoid cayity is broad and the postglenoid process is proportionately heavier, 
more extended transversely and its distal end is more curved forward than in Canis. 
There is no preglenoid ridge. 

The jugal also resembles that of Canis, though it displays some differences. Thus, 
it is not quite so long as in the modern genus and does not extend so near to the glenoid 
cavity ; it has a less decided upward curyature, and the postorbital angle (it can hardly 
be called a process) is even less conspicuous ; the masseteric surface is broader, more lat- 


NOTES ON THE CANIDE OF THE WHITE RIVER OLIGOCENE. of 


eral and less inferior in position, and is bounded above by a distinct crest the antero- 
inferior, or maxillary, process is shorter, and the ascending, or frontal, process is narrower, 
but extends farther upward along the margin of the orbit. As a whole, the zygomatic 
arch is of nearly the same proportionate length as in Canis latrans, but has a straighter 
fore-and-aft course, being much less strongly arched upward, though curying outward 
quite as decidedly from the side of the skull. This comparative shortness of the arch, 
in association with the very elongate cranium, is due to the anterior position of the zygo- 
matic process of the squamosal, which is placed much farther in advance of the occi- 
pital condyle than in the recent members of the family. 

The lachrymal forms but a very smail portion of the anterior rim of the orbit and 
carries a rudimentary spine. Within the orbit the bone is relatively more extended and 
occupies a more elevated position than in the modern dogs, while the ascending or fron- 
tal process is much shorter ; the lachrymal foramen is large and is farther removed from 
the frontal suture. 

The nasals are short, narrow and slender, splint-like bones, which are convex trans- 
versely and very slightly concave antero-posteriorly ; their general shape is much the 
same as in Vulpes, except for the much less distinct fore-and-aft concavity and their lesser 
elongation. | 

The premaxillaries are small ; the alveolar portion is weak, in correspondence with 
the smallness of the incisors, and is not produced anteriorly in the spout-like form which 
characterizes Daphenus ; the groove for the reception of the inferior canine is much less 
deeply incised than in the latter. The ascending ramus is long and slender, but forms a 
wider strip upon the side of the muzzle than in the last-named genus. The anterior narial 
opening is small, oval in shape and more oblique in position than in either Canis or Vul- 
pes. ‘The palatine processes of the premaxillaries are short and very narrow, and the 
incisive foramina are small. This portion of the palate has an entirely different appearance 
from that found in Daphenus ; the premaxillaries are not nearly so much extended in 
front of the canines, the incisive foramina are shorter and have no such grooves extending 
forward from them; the spines are very slender and much shorter, reaching only to the 
canines and not to the line of p4,as they do in the larger genus. In most of these 
respects Daphenus is nearer to Canis and Vulpes than is Cynodictis. 

The maxillaries are relatively very short, much shorter than in the existing genera, 
a statement which especially applies to the facial or preorbital portion. At the same 
time the vertical height is proportionately great. Except for the swelling produced by 
the root of the canine, the facial surface of the maxillary is simply convex, there being 
no distinctly marked fovea maxillaris. Owing to the shortness and height of the facial 
portion, its superior and anterior margin, formed by the sutures with the frontal, nasal 
and premaxillary, is more strongly curved and descends much more steeply in front than 
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in Canis. As in Daphenus, the infraorbital foramen is placed very near to the orbit, 
while in the modern genera it is much in advance of the orbit. The arrangement seen in 
Cynodictis is due chiefly to the anterior position of the orbit and in much less degree to 
the backward shifting of the foramen itself. The palatine processes of the maxillaries are 
short and narrow, corresponding to the shortness and slenderness of the muzzle, and they 
resemble those of Daphenus in being slightly concave transversely, with a faintly marked 
median ridge along the line of suture. 

The palatines have nearly the same shape and proportions as in Canis latrans (though 
they are relatively somewhat narrower) and extend forward to the anterior edge of p +; 
the palatine notch is more deeply incised than in either Canis or Vulpes and is nearly as 
deep as in Urocyon. Only a single posterior palatine foramen is visible on each side. 
Asa whole, the bony palate resembles that of Canis more than that of Daphenus in its 
much less abrupt narrowing at the level of the sectorials. The posterior nares have 
about the same shape and position as in Vudpes and haye a similar median spine-like 
process on the anterior border. 

The pterygoids terminate in longer, more distinct and more thickened hamular pro- 
cesses than in the recent genera, some of which, like Urocyon, haye no vestige of such 
processes. From the descending process of the alisphenoid is given off a prominent 
lateral spine, which, in Canis and Vulpes, is represented only by a low ridge. 

The mandible has a slender and compressed horizontal ramus, which tapers rapidly 
toward the anterior end; it forms a long symphysis with its fellow of the oppo- 
site side and curves very gently upward at the chin. The ventral border describes a 
somewhat sinuous course, curving downward beneath the sectorial, from which point it 
rises very gradually and regularly to the symphysis, while beneath the masseteric fossa 
it is concave. There is no trace whatever of the lobation which is found in so many’ 
of the existing Canidae, both alopecoids and thooids. The ascending ramus, which forms 
an obtuse angle with the horizontal, has a proportionately smaller antero-posterior width 
than in Daphenus, though a greater one than in the modern genera; the coronoid 
process, in particular, is much narrower than in the former, and the sigmoid notch is 
wider than in the living forms. The masseteric fossa is very deeply impressed, but it 
has no such definitely marked upper boundary and it does not extend forward so far 
beneath the molars as in Canis, features of resemblance to the alopecoids. The angle 
is formed by a short, slender and blunt, hook-like process. The condyle, which is not 
in any way peculiar, is elevated much more above the level of the molar teeth than in 
Daphenus. 

The cranial foramina are very minute and hence are often difficult to detect, save 
in exceptionally well-preserved specimens, a very slight degree of crushing being often 
sufficient to obliterate them. In general, they may be described as characteristically 
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cynoid. ‘The condylar foramen is an opening, hardly larger than a pin-hole, which per- 
forates the ridge running mesially from the paroccipital process ; its position is just as in 
Cams. 'The foramen lacerum posterius is rather smaller than in existing representatives 
of the family, which is due to the greater proportionate elongation of the auditory bulla, 
and for the same reason the stylomastoid foramen is less conspicuously displayed. An 
important difference from Canis and Vulpes consists in the presence of a well-defined 
external opening of the carotid canal, which grooves the inner side of the auditory bulla 
somewhat behind the middle of its course; it 1s much better shown in some specimens 
than in others. In the modern Canidae, “ the carotid canal is complete and of tolerable 
dimensions ; but its external opening is not visible on the surface of the bulla, being 
deep in the foramen lacerum posticum” (Flower, ’69, p. 24). The other carnivorous 
families, however, have the carotid canal with visible opening, but varying in position in 
the different groups. 

The foramen lacerum medium and the Eustachian foramen are yery much as in 
Canis, but the glenoid foramen is somewhat concealed by the prolonged anterior lip of 
the auditory meatus. The foramen ovale is a narrow slit which may be readily over- 
looked, and is closed by even a slight distortion of the skull. An alisphenoid canal is 
present, and the other openings, the optic, anterior lacerated and round foramina, are as 
in the recent cynoids. The whole structure of the cranial basis and its foramina are thus 
canine in character, with only a single difference, the distinctness of the carotid canal. 
There is nothing to suggest relationship with the viverrines. 
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II. Tue Brat (Pl. XIX, Fig. 12). 


The brain of Cynodictis has already been described by Bruce (83, p. 41), but as I 
wish to consider it from a different standpoint, some account of it will be necessary. In 
this genus the brain is relatively smaller than in any of the recent Cauda. The olfac- 
tory lobes are large and are left exposed by the hemispheres, with which they are con- 
nected by short and thick olfactory tracts. The cerebral hemispheres are pear-shaped, 
broad behind, but tapering rapidly forward, where they decrease in vertical as much as 
in transverse diameter. The frontal lobe is short, narrow and of small vertical depth, 
while the parietal lobe much surpasses it in every dimension ; a transverse depression 
marks the boundary between the two. The temporo-sphenoidal lobe is also quite well 
developed and adds materially to the dorso-ventral diameter of the brain in this region. 
Posteriorly the hemispheres slightly oyerlap the lateral lobes of the cerebellum (which 
appears not to be the case in Daphenus), but leaye the vermis entirely uncovered. The 
shape of the cerebrum is thus alopecoid rather than thooid in character. In the former 
series the hemispheres are wide behind and taper anteriorly, with slight incuryations at 
the sylvian and presylyian fissures, while in the thooids the cerebrum is narrower behind 
and at the presylyian fissure the sides are abruptly incuryed almost at a right angle ; 
the frontal lobes are much larger relatively than in the foxes (see Huxley, ’80, pp. 245— 
247). The hemispheres of Cynodictis agree well in shape with those of the alopecoids, 
and when compared with the brain of the later and more advanced genus Cynodesmus 
from the John Day, the greater width of their posterior region is distinctly to bé seen. 
The whole character of the skull makes it evident that Cynodesmus is a thooid, while 
both brain and skull structure approximate Cynodictis more to the alopecoids. 

The hemispheres are yery simply conyoluted and the sulci are few, simple and short, - 
though it should not be forgotten that the brain-cast very probably fails to reproduce all 
of the fissures. In the recent Canidw the conyolutions are numerous and complex, and 
the sulci pursue a remarkably curved course, giving to the conyolutions, when seen from 
the side, the appearance of a succession of U-shaped, concentric coils, grouped around 
the sylvian fissure as a centre. In Cynodictis, on the other hand, the visible sulci are 
few, shallow, short and nearly straight. On the dorsal surface of the hemisphere only 
two fissures are to be observed, the lateral and the suprasylvian, the former of which is 
short and almost straight, dying away before it reaches the hinder part of the parietal 
lobe. If the coronal sulcus is present at all, it is in the same fore-and-aft line as the 
lateral, and has not the outward sweep around the crucial fissure which is so characteris- 
tic of Canis. No trace of the crucial fissure is preseryed in the brain-cast, and if it was 
present in the brain, it must haye been short, as is indicated by the straight course of the 
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lateral sulcus. The suprasylvian sulcus is likewise very short and but little curved, and 
is not divisible into anterior and posterior portions. The sylvian fissure itself is but 
feebly marked upon the cast, but the rhinal sulcus, on the contrary, is very distinctly 
shown and extends for nearly the whole length of the hemisphere. Making all due 
allowance for the fact that a cast of the brain-case can but imperfectly reproduce the 
features of the brain itself, yet it is clear that the cerebrum of Cynodictis was convolu- 
ted in a much simpler way than in any of the existing Canide, and that it retains char- 
acteristics which among the modern dogs are embryonic and transitory. 

The cerebellum is rather large and is less overlapped by the hemispheres than is the 
case among the recent members of the family. The vermis is narrow, but prominent, 
and is quite clearly divisible into three lobes, corresponding apparently to the lobus cen- 
tralis, lobus monticuli and declivus of Canis. The vermis is less regularly curved in the 
antero-posterior direction than in the modern genus, the posterior surface forming nearly 
a right angle with the dorsal. The lateral lobes of the cerebellum have quite a different 
appearance from those of the recent Canidw. Thus, the lobus quadrangularis is less 
extended transversely and narrows less toward the external side, while the lobus lunatus 
inferior is very imperfectly developed, and the lobi semilunares appear not to be repre- 
sented at all, or, if present, they must be exceedingly small. This latter point is difficult 
to decide definitely, because a small fragment of the skull, which cannot be removed with- 
out danger to the specimen, covers the place where the semilunar would be if present. 
A small additional lobe, not represented in Canis, lies upon the dorsal surface of the 
lobus quadratus and-near to the vermis. Complex as it looks, the cerebellum of Cyno- 
dictis is simpler than in the recent dogs. 


Measurements. 
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IV. THe VERTEBRAL COLUMN. 


The backbone is not preserved entire in any of the specimens, but by the aid of 
the more complete individuals from the John Day, the numbers of the various categories 
of vertebree may be inferred. 

A. P. 8.—VOL. XIX. 2 V. 
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The atlas (Pl. XIX, Fig. 13) is somewhat more canine in character than that of 
Daphenus, haying a short and broad body and moderately developed transverse pro- 
cesses. The anterior cotyles are shallower and more depressed than in Canis ; the neu- 
ral arch is well extended in the antero-posterior direction and is quite smooth, without 
ridges or tubercles of any kind; it is very strongly convex, giving to the neural canal 
an almost circular shape. The inferior arch is very slender and has but a rudimentary 
hypapophysial tubercle. The posterior cotyles for the axis are somewhat more concave 
than in Canis and present more obliquely toward the median line. ‘The transverse pro- 
cesses are rather small and are much less extended antero-posteriorly than in Canis, not 
reaching so far behind the surfaces for the axis, nor so far forward upon the neural arch ; 
in consequence of this, the atlanteo-diapophysial notch is less deeply incised. ‘The pos- 
terior opening of the vertebrarterial canal presents backward, as it does in Daphenus, 
but has shifted a little more toward the dorsal side of the transverse process, thus show- 
ing a tendency to assume the position which is characteristic of the recent Canidae. 

The aais is not especially canine in appearance, but rather resembles that of Viverra. 
The centrum is long, narrow and yery much depressed anteriorly, becoming somewhat 
deeper vertically toward the hinder end, which has a transversely oval and nearly flat 
face for the third vertebra; the ventral keel is relatively better developed than in 
Daphenus. The articular surfaces for the atlas are low and wide, but project much less 
outside of the pedicels of the neural arch than they do in Canis, and are more convex 
than in that genus. The odontoid process is slender and elongate, more so than in 
Viverra, and the articular surface on its ventral side is not, as in Canis, continuous with 
the lateral facets for the atlas, but is separated from them by a feebly marked ridge. 
The transverse processes, which are very thin and compressed, are of no great length ; 
they are perforated by the vertebrarterial canal, which is relatively longer than in the 
recent dogs. The pedicels of the neural arch are short from before backward, but are 
quite high, and the neural canal is proportionately much larger in both dimensions than 
in the existing dogs. The neural spine, at least in the White River species, resembles 
that of Daphenus much less than it does that of Canis. It is long, not very high, and 
in front extends far in advance of the pedicels, but posteriorly it does not project 
behind the zygapophyses, as it does so conspicuously in Daphenus; as in the modern 
genus, the dorsal border of the spine is continued into the hinder margins of the neural 
arch. The zygapophyses are rather small and do not extend out so prominently from 
the sides of the neural arch as in Canis. 

The axis of the John Day species, C. geismarianus, as figured by Cope (’85, Pl. 
LX Xa, Fig. 12), differs from that of C. gregarius in haying a much higher neural spine, 


which is continued posteriorly into a pointed projection, similar to but shorter than that 
seen in Daphenus. | 
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The third cervical vertebra is markedly different from that of Daphenus and quite 
like the corresponding vertebra of Canis. The centrum is moderately elongate (though 
shorter with reference to the axis than in most of the modern dogs), quite depressed and 
slightly opisthoccelous, and has a stout, prominent ventral keel, which is better developed 
than in Daphenus, or even than in Canis, and ends behind in a tubercle. The ante- 
rior face is broad, depressed, quite convex and yery oblique in position with reference 
to the fore-and-aft axis of the centrum, while the posterior face is more nearly circular 
in outline. The transyerse process is, in general character, quite like that of Canis, 
but has a relatively smaller extension from before backward, and is less obviously 
divided into anterior and posterior projections, the ventral margin of the process being 
nearly straight. The vertebrarterial canal is proportionately much longer than in Canis, 
being nearly as long as the entire centrum. The neural canal is relatively larger and 
especially wider than in the modern genus, while the neural arch is long and broad and 
but slightly convex on the dorsal surface. One noteworthy difference from Canis con- 
sists in the fact that the arch does not project over the sides, or pedicels, as an overhang- 
ing shelf, or does so but slightly. The neural spine is represented only by an incon- 
spicuous ridge. 

The zygapophyses are small and extend but little in front of and behind the neural 
arch, which constitutes a very marked difference from Daphwenus. In the latter, it will 
be remembered, the neural arches are deeply emarginated between each transverse pair 
of zygapophyses, so that when the vertebre are placed in their natural position, large 
vacuities occur between the successive neural arches. In Cynodictis, as in Canis, these 
interspaces are very narrow and in certain parts of the neck they are hardly at all visible. 

The fourth vertebra is somewhat shorter than the third, but is otherwise very much 
like it and also like the corresponding vertebra of Canis. The transverse process is some- 
what larger and heavier than on the preceding vertebra, and the greater antero-posterior 
extension of its outer portion makes the vertebrarterial canal relatively longer than in 
Canis ; the inferior lamella is very thin and light. The neural spine is short and slen- 
der, but is relatively better developed than in most of the modern representatives of the 
family. 

On the ji/th cervical the neural spine is higher but more slender than on the fourth. 

The sixth is not preserved in connection with any of the specimens. 

The seventh cervical is almost a miniature copy of the same vertebra in Canis ; the 
neural spine is relatively higher, more slender and more pointed than in most species of 
the existing genus, and the transverse processes are proportionately longer and thinner, 
but otherwise the resemblance is very close and detailed. 

The number of thoracic vertebre cannot, as yet, be definitely stated, because in 
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none of the specimens is the series preserved entire. Probably, however, these vertebra 
numbered thirteen, as is commonly the case among the recent representatives of the 
family. The specimen of C. geismarianus figured by Cope (85, PI. LX Xa) has the 
posterior ten thoracics in place, and there must haye been at least three additional ones. 
The anterior vertebra of this region haye very small, contracted centra, but long and 
prominent transverse processes and neural spines which are relatively higher and more 
slender than in Canis, and are also inclined more strongly backward than in the latter. 
Posteriorly the centra become longer, broader and more depressed, and are quite distinctly 
keeled in the median ventral line. In addition to this median keel are two shorter and less 
prominent lateral ridges, which, however, terminate behind in distinct tubercles and thus 
give avery characteristic appearance to these vertebrae. The transverse processes become 
more and more shortened and the neural spines lower, less strongly inclined, but more 
compressed and broadened at the base (antero-posteriorly). The antepenultimate thoracic 
(presumably the eleventh) is the anticlinal vertebra, of which the neural spine is low, 
broad, compressed and erect. The penultimate (? twelfth) and last (? thirteenth) thora- 
cies are very much like lumbars in appearance and structure, but haye no transverse 
processes, while in Canis these processes, though small, are quite distinct on the twelfth 
and thirteenth thoracies. Large, heavy and prominent anapophyses and metapophyses 
are present on the last two thoracics. 

Of lumbar vertebrae this genus probably possessed seven, that many being preserved 
in position and in connection both with the thoracics and with the sacrum in Cope’s speci- 
men of C. geismarianus. In the White River material at my command not more than 
five lumbars haye been found in association with any one individual, but the series is 
obviously incomplete, and there is no reason to suppose that C. gregarius differed in this 
respect from the John Day species. The lumbar region is proportionately long and stout 
and the individual vertebree are quite massively constructed (7. e. for so small an animal), 
indicating a powerful musculature in this region. The centra increase in length up to 
that of the penultimate vertebra, while the first and the last are the shortest of the 
series. These centra are broad and depressed, and bear distinct median ventral keels, 
while the lateral ridges and tubercles are present on the first two vertebrae, but not on 
the last three. The faces are kidney-shaped, slightly conyex in front and concaye 
behind, and are placed obliquely with reference to the long axis of the centra. This 
obliquity is to provide for the curvature of the loins, which rise to the pelvis, the rump 
standing considerably higher than the shoulders. The transverse processes, which are 
quite short on the anterior lumbars, increase steadily in length up to the sixth, where 
they become very long ; they are slender, depressed, pointed and curved forward. The 
neural spines are low, compressed and thin, broad at the base, narrow and pointed at 
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the tip, and are inclined forward rather more decidedly than in Canis. Anapophyses 
are quite prominent on the anterior lumbars, but diminish posteriorly, becoming rudi- 
mentary on the fifth, while the metapophyses are conspicuous in all. The zygapo- 
physes are but moderately concave and convex respectively. The general aspect of 
the lumbar region is not canine in character, but rather resembles that of the civets 
and mustelines. 

The sacrum is quite short and consists of three vertebree, only the first of which has 
a contact with the ilium. © The first sacral has a broad and much depressed centrum and 
large, expanded pleurapophyses, which give considerable width to the vertebra. ‘The 
neural spine is a mere feebly marked ridge, while the spines of the second and third are 
higher and separate. ‘The transverse processes of all the sacrals are fused into a continu- 
ous lateral ridge, but that of the third vertebra extends outward much farther than the 
others and ends in a point, an arrangement which gives to this sacrum an appearance 
quite different from that of Canis. ‘The prezygapophyses of the first vertebra. are large 
and conspicuous, but all the other zygapophyses of the sacrum are small. The neural 
foramina are remarkably small. The centrum of the last vertebra is almost as large as 
that of the first and the widely extended transverse processes make the sacrum nearly as 
broad behind as it is in front. 

The caudal vertebre are not preserved entire in any of the specimens, nor, indeed, 
ean all of them be recovered from all the individuals combined, so that the number of 
tail vertebre is, as yet, conjectural. However, enough remains to show the character of 
the tail and of the various elements which compose it. The tail was evidently very well 
developed, being relatively longer and stouter than in any of the recent Canidae, and 
much like that of some of the long-tailed viverrines, such as Herpestes. ‘The anterior 
caudal vertebrae have short, but heavy centra and very long, broad and depressed trans- 
verse processes, which extend out nearly at right angles with the line of the centrum. 
The breadth of the first caudal across the transverse processes about equals that of the last 
sacral. The zygapophyses of the anterior caudals are large and prominent. The ante- 
rior caudals are succeeded by a number of vertebra with very elongate centra, which 
resemble in miniature the corresponding vertebrae of Daphanus, haying distinct remnants 
of the various processes. Toward the tip of the tail the vertebrae become very slender 
and of a cylindrical shape, the centra being slightly contracted in the middle and 
expanded at the ends. 

The ribs, so far as they are preserved in the yarious specimens, are remarkable 
chiefly for their length and slenderness and for their subcylindrical shape. ‘Tubercles 
appear to be absent from the twelfth and thirteenth pair. The sternum is of the usual 
carnivorous character, without being especially like that either of the dogs or of the 
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civets. The manubrium is long, more so than in Canis, as well as narrower and more 
compressed. ‘The first pair of ribs is attached to a pair of wing-like processes, which 
are unusually far from the second pair. In front of these processes the bone is com- 
pressed and very narrow. For much of its length the manubrium possesses a ventral 
keel. The segments of the mesosternum, so far as they are preserved in the various 
specimens, are more elongate, more slender and depressed and more contracted in the 
middle than in the recent Canide. . 
Measurements. 
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V. Tue Fore Lines. 


The scapula is quite remarkable and is in character rather viverrine or raccoon-like 
than canine. The shoulder blade is rather low and broad and is divided by the spine 
into pre- and postscapular fosse of nearly equal breadth, while in the modern dogs the 
scapula is high, narrow and of subquadrate shape, and has the spine so placed as to 
make the postscapular fossa much the larger of the two. The glenoid cavity is moder- 
ately concaye, and is elongate antero-posteriorly, but narrow transversely. The coracoid 
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process is unusually large, forming an incurved hook, which, however, does not appear 
prominently when the scapula is viewed from the external side ; in the recent Canida the 
coracoid is reduced to much smaller proportions. A resemblance to the shoulder-blade 
of Canis is to be found in the broad neck of the scapula and in the absence of any well- 
defined coraco-scapular notch. The coracoid border is slightly concave at the neck, but 
then curves forward and upward, giving great width to the prescapular fossa; the gle- 
noid border is, as usual, straight and is steeply inclined, so that the postscapular fossa, 
which is very narrow distally, becomes very broad proximally. The spine is high and 
ends in a very long and prominent acromion, which descends below the level of the gle- 
noid cavity, which suggests that in this genus the clavicles were much better developed 
than in the existing dogs. A very large metacromial process is also present. The meta- 
cromion may be observed in most of the existing families of Carnivora, but it is seldom 
so large and so prominent as in Cynodictis ; perhaps, the nearest approach to it among 
modern genera is in Arctictis. 

The humerus is much more suggestive of viverrine than of canine affinities. As 
compared with the bones of the forearm, or even with the femur, the humerus is elon- 
gate, but it is short in proportion to the length of the back or loins. The head is 
strongly convex and projects farther behind the plane of the shaft than in the modern 
dogs ; the external tuberosity is a heavy, but low ridge, which barely conceals the head 
when the bone is viewed from the front; a large, irregularly circular area near the 
hinder end of this ridge plainly indicates the insertion of the infraspinatus muscle. 
The external tuberosity is both lower and shorter than in the modern dogs, but the inter- 
nal one is rather more prominent, and the bicipital groove is more widely open, more 
internal in position and more of it is visible from the anterior side. The shaft is rather 
long, and, when seen from the side, exhibits a sigmoid curvature, which is somewhat 
better marked than in Canis. For most of its length, the shaft is laterally compressed 
and has but a very short cylindrical portion before expanding laterally at the distal end. 
Most of the ridges and prominences for muscular attachment are well developed, more 
so than would be expected in so small an animal. The deltoid ridge is much more 
prominent than in the recent dogs, and is more like that of the cats and viverrines ; the 
supinator ridge is likewise very much more prominent than in Canis, in correlation 
with the power of rotation of the radius, which Cynodictis appears to have retained in 
almost undiminished degree. On the other hand, the rough ridge, which runs down 
from the head upon the outer side of the shaft (spina humeri) and serves for the attach- 
ment of the teres minor, anconeeus externus and brachialis internus muscles, is much 
fainter than in Canis and the linea tuberculi minoris is very feebly marked. The supra- 
trochlear fossa is very shallow and the anconeal fossa is much smaller and shallower 
than in the modern representatives of the family, there being no perforation of the shaft 
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at this point. The internal epicondyle is much more prominent and more massive than 
in Canis, and a conspicuous epicondylar foramen is present, in the form of a long, nar- 
row slit. The external epicondyle, on the contrary, is rather smaller than in the recent 
genus. 

The humeral froch/ea has a much smaller proximo-distal diameter than in the exist- 
ing Canide, in which respect it preserves a primitive character and resembles the troch- 
lea of such viverrine genera as Cynogale and Viverra. The radial surface is small and 
simply convex, while the ulnar facet is much larger than in the recent dogs; the inner 
flange of the ulnar facet is also more produced distally and forms a sharper edge than in 
the latter. 

The radius is not at all suggestive of canine affinities, but rather resembles the cor- 
responding bone of the cats and yiverrines. The capitellum is small and of subdiscoi- 
dal shape ; while it is somewhat more extended transversely than in “els, it is much less 
so than in Canis ; its articular surface is moderately concave and is slightly notched on 
the anterior border. The proximal facet for the ulna is a simple, convex band, separated 
from the humeral surface by a distinct angle and entirely resembling that of Daphanus. 
The character of the articulation at the elbow-joint and the large development of the 
supinator ridge on the humerus would seem to imply that in Cynodictis a considerable 
degree of freedom in the rotation of the manus had been preserved, though probably less 
than in the cats aid in many viverrines. The bicipital tubercle is prominent, but occu- 
pies a more posterior position than in either the cats or the recent dogs, and is not visible 
when the radius is looked at from the front. 

The shaft of the radius is relatively short, slender and rounded, very different from 
the broad, oval and antero-posteriorly compressed shaft seen in Canis; it has a slight 
double curvature, arching anteriorly and externally, and is of almost uniform thickness _ 
throughout its length, except at the distal end, where it broadens considerably. A. very 
striking difference from Canis consists in the very great size and prominence of the sty- 
loid process, which forms a relatively enormous tuberosity ; it is even much larger pro- 
portionately than in the cats or civets and is as large as in Medlhivora, though of a differ- 
ent shape. In Daphanus, as we have already learned, the styloid process is very promi- 
nent and of a generally feline appearance, but it is proportionately smaller than in Cyno- 
dictis. The radius figured by Schlosser (89, Taf. VII, Fig. 8) and by him attributed to 
one of the European species of the latter genus has a styloid process in the form of an 
enormous, recurved hook, much longer and much more slender than in the American 
species and of an entirely different appearance. The distal tendinal sulei are not very 
well marked, though that for the abductor and extensor muscles of the pollex is a deep 
groove. ‘The distal facet for the ulna is smaller and less deeply impressed than in Canis. 
The carpal facet is small and slightly concave, narrowing toward the internal side; it 
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does not extend over upon the styloid process, from which it is separated by a broad and 
deep notch. 

The wlna is, in its way, as peculiar as the radius. The olecranon is quite typically 
fissipede in character and differs from that of the creodonts in its comparative shortness 
and breadth ; though proportionately somewhat longer than in Canis, it is hardly so long 
as in Daphenus, and the sulcus for the tendons of the anconeal muscles is more distinct 
than in the former. The sigmoid notch is hardly so deep as in Canis, and, in particular, 
the internal facet for the humerus projects less in front of the plane of the shaft, and the 
external process is very feebly developed. The radial facet is narrower and less deeply 
concave than in the modern Canida@, but has a somewhat greater vertical diameter. 

The shaft of the ulna is decidedly less reduced than in the recent representatives of 
the family, and for most of its length is little or not at all more slender than that of the 
radius. In its proximal portion the shaft is much more compressed laterally and thicker 
antero-posteriorly than in Canis, in which genus this portion of the shaft is trihedral. 
The middle and distal portions are of triangular section, none of it having the subcy- 
lindrical shape which characterizes the distal one-third of the shaft in the recent genus. 
The distal end has quite a different shape from that seen in Daphanus, a difference which 
is due to the much greater prominence of the radial facet in the latter. In Cynodictis 
this facet is almost sessile and projects but little more than it does in Canis, The car- 
pal facet is very small and quite simply convex. 
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VI. Tue Manus (Pl. XX, Fig. 23). 


By a fortunate discovery of Mr. Hatcher’s, Iam enabled to give an account of an 
almost complete carpus belonging to Cynodictis, which has hitherto been entirely 
unknown. 

A scapho-lunar is present, formed by the coalescence of the scaphoid, lunar and 
central, which distinguishes Cynodictis from the creodonts. This bone resembles that of 
Canis in general character, but displays quite a number of differences in points of detail, 
and these differences are, at the same time, approximations to the structure found in 
Daphenus. The scapho-lunar has a very small vertical (proximo-distal) diameter, 
especially on the radial side, where it thins away to a mere edge, the facets for the radius 
and the trapezium almost meeting. As compared with the corresponding carpal of Canis, 
this bone has a somewhat greater transverse and smaller dorso-palmar diameter. The 
radial facet is simply convex both transversely and antero-posteriorly, and has not the 
saddle-shaped extension at the interno-palmar angle which is found in the recent dogs. 
This facet descends quite low upon the dorsal side of the bone, as is also the case in 
the modern plantigrade and semiplantigrade carnivores. The hook-like process which 
arises from the postero-internal angle of the scapho-lunar is much shorter and less mas- 
sive in every dimension than that of Canis. Another difference from the modern genus 
consists in the absence of any distinct articular surface for the pyramidal, the facet for 
the radius and that for the unciform almost coming into contact along the ulnar side of 
the bone. 

On the distal side of the scapho-lunar are four facets, for all the carpal elements of 
the distal row. That for the unciform is relatively smaller than in Canis, and is con- 
fined to a narrow strip near the ulnar border; the magnum facet is much the same as in 
the modern genus, but is somewhat more oblique in position. The surface for the tra- 
pezoid is fairly large and keeps more nearly parallel with that for the magnum than in 
the recent dogs, while the trapezium facet is small and of almost circular shape. 

The pyramidal is a very different-looking bone from that of the modern dogs, 
being broad, depressed and scale-like in shape; its vertical (or proximo-distal) diameter is 
very small and relatively much less than in Canis, and there is no such process from 
the ulnar side of the bone as in the latter, in which the pyramidal articulates with the 
head of the fifth metacarpal by a much more extensive facet than in Cynodictis. 
The recent viverrines have the pyramidal shaped very much as in the White River 
genus. The proximal surface is divided into two narrow and somewhat concave facets 
for the ulna and _pisiform respectively, of which the latter is slightly the larger. On 
the distal side is a single large and concaye facet for the unciform, and posterior to this 
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a very narrow surface which appears to be destined for articulation with the head of 
the fifth metacarpal. 

The pisiform differs very decidedly in shape from that of Canis. This carpal is 
small and light; its proximal (7. ¢., articular) end is greatly depressed, but much extended 
transversely (in the existing genus the principal diameter of the proximal end is the 
vertical one) and the facets for the pyramidal and ulna are correspondingly broad- 
ened transversely and narrowed vertically. The pyramidal facet is the larger of the 
two and is quite deeply concave, while that for the ulna is small and nearly plane; the 
two facets together form an acute angle and are separated only by an inconspicuous ridge. 
The distal end of the pisiform is moderately expanded, but in the vertical dimension, so 
that the proximal and distal expansions are almost at right angles with each other. 
Between the two expansions the body of the bone is much contracted and very slender, 
which is in marked contrast to the shape seen in Canis. 

A so-called “radial sesamoid” appears to haye been present; at least, there occurs 
in the same block of matrix through which the carpals of one individual were scattered, 
a small, irregularly wedge-shaped bone, to which I can give no other interpretation. 
Assuming that this reference is correct, we find in the relative size and shape of this bone 
another resemblance to such yiverrine genera as //erpestes, Cynogale and Paradoxurus, 
ete. The radial sesamoid also occurs in Canis, at least in certain species, but is very 
minute, 

The trapeziwm is very small and differently shaped from that of Canis; its princi- 
pal dimension is the dorso-palmar, while the transverse diameter is the least. The sur- 
face for the scaphoid, which in Canis is a very oblique, convex facet, is in Cynodictis 
entirely proximal in position and nearly plane, and there is no such large concave facet 
for the trapezoid on the ulnar side as in the modern genus ; the distal facet for the head 
of the first metacarpal is less distinctively saddle-shaped than in the latter. In yiew of 
the well-developed pollex, the small size of the trapezium is somewhat surprising. 

The trapezoid is shaped yery much as in the existing dogs, but with certain minor 
differences, especially noticeable in the very small vertical diameter and in the thinning 
of the bone to an edge on the ulnar side. The proximal end bears a simply convex facet 
for the scapho-lunar, while the distal facet, for the second metacarpal, is very slightly 
saddle-shaped ; on the palmar side the trapezoid contracts to a point. 

The magnum is small and that portion of it which is visible from the dorsal side, 
when all the carpal elements are in their natural positions, is minute, especially in its 
proximo-distal dimension. In shape the magnum does not differ materially from that of 
the recent dogs, but the proximal surface is narrower and rises more abruptly to the 
“head,” and on the palmar side the bone broadens out in a fashion not repeated in Canis. 
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The unciform facet is large and plane and does not rise so high upon the head as in the 
modern genus. On the radial side we find no distinct facet for the trapezoid, which, as 
already mentioned, thins to a mere edge toward the magnum, but there is a well-defined 
facet for the projection from the head of the second metacarpal, which is proportionately 
larger than in Canis. On the distal end of the magnum is a narrow facet for the third 
metacarpal, a facet which is less concave in the dorso-palmar direction than in the case 
of the last-named genus. 

The wnciform is viyerrine rather than canine in character, being much narrower 
in proportion to its vertical height than in the recent dogs. The facet for the scapho- 
lunar, which in Canis has an almost entirely proximal position, is in Cynodictis much 
more nearly lateral. The pyramidal facet is also decidedly more steeply inclined than 
in the existing genus, the two articular surfaces meeting at a very acute angle and mak- 
ing the proximal end of the unciform narrow and wedge-shaped. On the radial side is 
a large facet for the magnum and a small one, confluent with it, for the extension from 
the head of the third metacarpal. The distal facets, for the fourth and fifth metacarpals 
respectively, are narrower than in Canis, contracting especially toward the palmar side. 

The metacarpals, five in number, are remarkably short, slender and weak and have 
but little resemblance to those of the recent dogs. 

The first metacarpal is very small, but is, nevertheless, proportionately much less 
reduced than in Canis, taking the length of me iii in each genus as a standard of 
comparison. The head is thicker and relatively heavier than in Canis and on the radial 
side, internal to the trapezium facet, is a tubercle for the attachment of the lateral liga- 
ment. The facet itself is much less deeply concave transversely than in Canis, but 
more conyex in the dorso-palmar direction. The shaft is short, slender, arched toward 
the dorsal side, antero-posteriorly compressed and of oval section, tapering considerably: 
toward the distal end. The distal trochlea is very small, but formed entirely like those 
of the other metacarpals ; it is strongly convex, almost hemispherical and bears a dis- 
tinct carina upon the palmar face, just as in Daphenus. In Canis, on the other hand, 
this structure is of an entirely different character, forming an asymmetrical hemicy- 
linder, with a broad shallow grooye placed somewhat internal to the median line, and 
thus resembles the trochlea of a phalanx rather than that of the other metacarpals. 

The second metacarpal is represented in the collection only by a single imperfect 
specimen, consisting of the proximal end. This shows a much stouter shaft than me i, 
being of about the same diameter as the corresponding portion of me iv, and more slen- 
der than that of me iii. The head is narrow and bears a saddle-shaped facet for the 
trapezoid, but sends out a projection which rises more above the head of me iii than in 
Canis and articulates with the magnum by a larger facet than in that genus. 
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The third metacarpal, though short and slender, is somewhat the longest and heay- 
iest of the series. The proximal articular surface for the magnum is shaped very much 
as in Canis, but is slightly broader in proportion and rather more concave transversely ; 
on the radial side of the head is a large facet for me ii, which has a more oblique 
position than in the modern genus. On the ulnar side is a small projection which 
abuts against the unciform and is relatively larger than in Canis. The shaft, and 
indeed the whole metacarpal, has a viverrine rather than a canine appearance ; it has not 
acquired the prismatic, quadrate shape which is so characteristic of the modern dogs, 
but is of oval section and is of almost uniform width throughout, but broadens slightly 
at the distal end. The distal trochlea, though much lower in the vertical diameter, is 
yet of decidedly more canine character than is that of Daphenus, being broad and hemi- 
cylindrical in shape instead of subspherical. The pit above the trochlea, which is absent 
in Daphenus, is distinctly marked and the lateral processes for ligamentous attachment 
are much less prominent. All of these conditions are approximations to the conditions 
seen in Canis. 

The fourth metacarpal is not completely preserved in any of the specimens, but it 
appears to have been of about the same length as me ii and to have formed with it a 
symmetrical pair, although the two metacarpals are not so closely appressed as in Canis, 
but diverge slightly toward the distal end. The head has a simply convex facet for the 
unciform and is somewhat narrower proportionately than in the existing members of the 
Camda, owing to the overlapping of the head by me iii, in order to reach the unciform. 
So far as it is preserved, the shaft is rather more slender than that of me iii and of a 
more cylindrical, less compressed shape. 

The fifth metacarpal is remarkably short, much more so in proportion to the length 
of me iii than is that of Canis. The head is less broadened and thickened than in the 
latter genus, and carries a simple, convex facet for the unciform. In the modern genus 
there is likewise a large facet for the pyramidal, which extends down over the unciform 
and comes into contact with me y. In Cynodictis there appears to be a facet of a simi- 
lar kind, but if so, it is very small and obscurely marked and may be regarded as in only 
an incipient stage of development. The shaft is slender proximally and broadens dis- 
tally, the reverse of the proportions which obtain in Canis, and the distal trochlea is 
small and is of somewhat more spherical, less cylindrical, shape than in the existing 
members of the family. 

The phalanges. It is unfortunate that in all of the specimens in the collection the 
phalanges are in such a fragmentary state that only an incomplete account of them can 
be given, and some important questions must be left unanswered for the present. The 
proximal phalanx of one of the median digits is short, slender and straight, and is rela- 
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tively broader but more depressed than in Canis. As in Daphenus, the proximal articu- 
lar surface is somewhat more deeply coneaye and presents more obliquely toward the dor- 
sal side than in the recent genus. The distal trochlea likewise resembles that of Daphe- 
nus in having a deeper median grooye and in being more confined to the palmar aspect 
of the bone than in Canis, which has the distal trochlea reflected well over upon the dor- 
sal side of the phalanx. | 
| Of the second phalanx only the proximal half is preserved in any of the specimens, 
and I have so far failed to find eyen a fragment of the distal end. So far as can be 
judged from the material at hand, Cynodictis would appear to have differed from Daphe- 
nus in the very important respect that the claws were not at all or only very imperfectly 
retractile. In Daphenus the asymmetry of the second phalanx is clearly displayed even 
in its proximal portion, while in Cynodictis the proximal end is quite symmetrical and 
does not possess any depression or excavation upon the ulnar side. However, a certain 
resemblance to Daphenus and difference from Canis may be observed in the greater con- 
cavity and more marked separation of the two pits into which the proximal facet is 
divided, as well as in the greater prominence of the beak-like process which rises from 
the dorsal margin and fits into the median distal groove of the first phalanx. In the 
absence of the distal end of the second phalanx, it cannot be positively stated that 
Cynodictis had lost (or had never possessed) all trace of the retractility of the claws, but 


it does not seem unlikely that such was the case. 
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The ungual phalanx differs in seyeral not unimportant details both from that of 
Daphenus and that of Canis, and is, on the whole, intermediate in character between 
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the phalanges of the two genera. As compared with the ungual of Daphenus, it has a 
somewhat less concaye proximal trochlea, a smaller subungual process, and a much less 
extensive bony hood reflected over the base of the claw. Indeed, this hood is rudi- 
mentary and can hardly be said to exist at all. The phalanx is also slightly thicker and 
has more conyex faces. Comparing this ungual with that of Canis, we find it to be 
decidedly sharper, narrower and more compressed and to have a more deeply concave 


trochlea. In the modern genus the bony hood is almost as well developed as in Daphenus, 


VII. Tur Hinp Limes. 


The pelvis approximates more nearly to the modern canine type than does that of 
Daphenus, though still retaining a number of primitive characters. A conspicuous 
difference from the recent members of the family consists in the elongation of the post- 
acetabular portion of the pelvis, which in Canis is short, and in the consequent change 
of shape of the obturator foramina. The ilium is fairly elongate and in shape is rather 
more yiverrine than canine ; the peduncle is short and laterally compressed, but of con- 
siderable dorso-ventral breadth. The anterior expansion of the ilium is Jess extensive 
than in Canis, in which genus the ilium widens gradually to the free end, or crista, while 
in Cynodictis it attains nearly its full width immediately in front of the peduncle, and 
from this point forward the dorsal and ventral (or ischial and acetabular) borders pursue 
an almost parallel course. The widening is almost confined to the ischial border, being 
very feebly marked on the acetabular border, and owing to this the shape of the ilium is 
much as in the modern //erpestes. ‘The gluteal surface does not display the wide and 
simple concavity which is seen in Canis, but, as in Daphenus and Dinictis, there is a 
narrow dorsal depression and beneath this a convex ridge, but this ridge is not so 
prominent as in the other White River genera which have been mentioned. The iliac 
surface is short and narrow, and the sacral surface is small and placed far back, so that 
the ilium projects well in front of the sacrum. When viewed from aboye, the two ilia 
are seen to curve outward less, and to diverge less anteriorly than in the modern dogs. 
The acetabular border ends in a well-marked tubercle and the ilio-pectineal process is 
also quite prominent. 

The ischium is relatively long and its anterior portion is slender, but posteriorly it 
expands into a broad plate. This posterior portion is much less decidedly everted and 
depressed and occupies a more vertical position than in Cans, and the ischial tuberosity, 
just as in Daphenus, is much more feebly developed than in the existing Canide. On 
the other hand, the spine of the ischium and the ischiadic notch are much more distinctly 
shown and are placed farther behind the acetabulum than in the latter, though not so far 
back as in Herpestes, The obturator foramen is narrower and more elongate than in 
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Canis, and its anterior border is notched by the obturator sulcus. The acetabulum is 
small, deep and nearly circular. 

The anterior or descending ramus of the pubis is long and slender and encloses with 
its fellow a broad anterior pelvic opening. The horizontal ramus is proportionately 
longer and stouter and the symphysis is longer than in the recent dogs, almost as long as 
in the cats. The horizontal ramus is less flattened and depressed than in the former, 
forming a prominent ridge along the ventral side of the symphysis. 

The os penis may be conveniently described in connection with the pelvis. In none 
of the White River specimens that have fallen under my observation is this bone pre- 
served, but in the beautiful specimen of C. geismarianus figured by Cope (’85, PI. 
LXX) it is present and in nearly its natural position, though Cope has omitted any 
mention of it in his description. Flower (769) has pointed out the characteristics of this 
bone in the three sections into which he divides the fissipede carnivores. The Arctoidea 
“all have a large penis with a very considerable bone, which is usually more or less 
curved, somewhat compressed, not grooved, dilated posteriorly and often bifurcated or 
rather bilobed in front” (p. 14). The cats and viverrines “all have a comparatively 
small penis, with a more or less conical termination, and of which the bone is small, 
irregular in shape, or not unfrequently altogether wanting ” (p. 22). To this statement 
Cryptoprocta forms an exception, having a bone relatively long, “slender, compressed, 
slightly curved, not grooved or divided anteriorly, rounded and slightly dilated at each 
end, but thickest posteriorly ” (p. 25). In the hyenas the bone is wanting. The dogs 
resemble the raccoons, weasels, etc., in haying a large os penis, “though the os is of a 
different form, being straight, wide, depressed and grooved” (p. 26). In Cynodictis this 
bone is entirely different from that of the modern Canide ; it is long, slender, compressed 
laterally and strongly curved and is slightly grooved upon the sides, but not on the dorsal 
border ; the anterior end is so broken that the presence or absence of a bilobation cannot 
be determined. The resemblance in the character of the os penis between Cynodictis, 
on the one hand, and Cryptoprocta and the mustelines, on the other, is an important fact, 
the significance of which will be discussed later. 

The bones of the hind limb proper considerably exceed in length those of the fore 
limb, more so than in Canis, though the difference is rather between the proportions of 
the radius and tibia than between those of the humerus and femur. 

The femur is slender and quite elongate and in essentials differs but little from that 
of Canis. The head is small, of hemispherical shape, and is set upon a somewhat longer 
and more distinct neck than in the modern genus, projecting more directly inward and 
less upward ; the pit for the round ligament is deeply impressed but very small. The 
great trochanter is lower than in Canis and is separated from the head by a narrower, 
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shallower notch, while the digital fossa is relatively much smaller. The second tro- 
chanter occupies nearly the same position as in the modern genus, though somewhat more 
posterior, so that it is almost or entirely concealed when the femur is viewed from the 
front; it is of about the same prominence as in the existing dogs, but rather more slender 
and pointed. ‘The intertrochanteric ridge, which connects the greater and the second 
trochanters, is rather better developed than in Canis, especially in the larger and longer- 
limbed individuals. What may fairly be regarded as a remnant of the third trochanter 
is present in the form of a low, short, thickened and rugose ridge, which is placed a short 
distance below the great trochanter. The third trochanter is all but universal among 
the Creodonta, and in rudimentary form it persists in many of the earlier and more 
primitive carnivores, such as Dinictis, but it is somewhat surprising to find it retained in 
so advanced a genus as Cynodictis. It is true that in certain muscular and powerful 
domestic breeds of dogs the third trochanter recurs, though it is not distinctly shown in 
the existing wild species of Canide. 

The shaft of the femur is long, slender, arched strongly forward and slightly toward 
the internal or medial side. As would naturally be expected in so small an animal, the 
ridges for muscular attachment are not so prominent as in the modern species. On the 
anterior face no ridge for the vastus externus muscle is distinguishable and on the poste- 
rior face the linea aspera is neither so long nor so prominent as in Canis. The distal end 
of the femur has quite a different appearance from that seen in the existing members of 
the family ; a difference which is principally due to the smaller size and less prominent 
projection of the condyles and rotular trochlea. The trochlea resembles that of the 
viverrines in being shallow and in haying the two borders of nearly equal height and 
length, and also in the absence of any distinctly marked suprapatellar fossa. On the 
other hand, this trochlea is relatively narrower and extends farther up the shaft than in 
the civets. The condyles are small, of nearly equal size and prominence, and are sepa- 
rated by an intercondylar space which is relatively narrower than in Canis ; small sesa- 
moid bones were evidently, as in the existing species, attached to the proximal faces of 
the condyles. 

The patella is viverrine, or more accurately herpestine, rather than canine in char- 
acter. It is a short, rather wide, thin and scale-like bone, of subquadrate more than 
ovate shape. The articular surface for the femur, in correlation with the shallowness of 
the rotular groove, is but slightly concave proximo-distally, and even less convex trans- 
versely. : 

The tibia, as in Canis, is of about the same length as the femur. Compared with 
the radius, the tibia seems to be very long, but that this is due rather to the shortness of 
the radius than to the elongation of the tibia, appears from a comparison with the verte- 
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bral column, whence it becomes evident that all the limb bones of Cynodictis are propor- 
tionately shorter than those of Canis, and that the bones of the forearm are especially 
short. The tibia of Oynodictis differs from that of the modern canines in several par- 
ticulars. The proximal condyles are of nearly equal size, but the external one projects 
much farther behind the plane of the shaft than in Cans, and on the distal face of the 
overhanging shelf thus formed is a facet for the head of the fibula, which is much larger 
and more distinct than in the recent genus. The tibial spine is bifid and very low, but 
the two parts are closely approximated, the condyles being less widely separated than in 
Canis. The enemial crest, though stout and prominent, is much less so than in the mod- 
ern forms, and the sulcus for the extensor longus digitorum is much less deeply incised. 
In its proximal portion the shaft is stout and trihedral, but for most of its length it is 
slender and subcylindrical, expanding moderately at the distal end ; it has a double cur- 
vature, arching forward and outward. The various ridges which serve for the attach- 
ment of muscles are much the same as in Canis and are, consequently, better developed 
than those of the femur. The distal articular surfaces of the tibia are intermediate in 
character between those of Daphenus and those of Cams. The grooves for the astraga- 
lar condyles are deeper and the intercondylar ridge higher than in the former, less so 
than in the latter, and the suleus which in Canis invades the articular surface has not 
yet been developed. The internal malleolus is somewhat smaller than in Daphenus, 
but, as in that genus, it forms a heavy, prominent ridge, which extends across the whole 
dorso-plantar diameter of the bone, while in Canis the process has not half this exten- 
sion. ‘The groove for the tendon of the long flexor muscle is very distinctly marked and 
has more elevated borders than in the modern dogs. The distal fibular facet is some- 
what larger than that of Canis and differs from it in having its principal diameter trans- 
verse instead of longitudinal. The resemblance in the structure of the distal end of the 
tibia between Cynodictis and Daphenus, on the one hand, and the primitive sabre- 
tooth Dinictis, on the other, is very marked and very suggestive, though Cynodictis has 
already begun to change in the direction of the modern Canide. Among living forms 
_ the tibia of Herpestes offers a close analogy to that of the White River genera which 
have been mentioned. 

The fibula is relatively much less reduced than in the existing Canid@, and both the 
shaft and the terminations are larger. The proximal end of the fibula is much larger 
and heavier proportionately than in Canis, and though smaller than in Dinictis, it has 
a very similar shape; its principal diameter is the antero-posterior one, while trans- 
versely it is narrow and compressed ; the thickening of the anterior and posterior border 
is present, as in Dinictis, but much less conspicuous. The facet for the head of the 


tibia is large, subcircular in shape and proximo-lateral in position, The shaft, though 
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slender and delicate, is relatively very much less so than in Canis, in which genus the 
fibula has undergone a more extensive reduction than in Cynodictis. Another difference 
from the recent forms is to be found in the fact that the fibula is not so closely applied to 
the tibia, the two bones coming into contact only at their proximal and distal extremities. 
The distal end is expanded and thickened to form a stout external malleolus, which is 
somewhat smaller than in Daphenus or Dinictis, but of much the same shape, and has 
on its outer side a deep sulcus for the peroneus tertius tendon. The distal tibial facet is 
a narrow band, with its long diameter directed antero-posteriorly ; obscurely separated 


from it is the larger, subcircular facet for the astragalus. 


Measurements. 


No. 10493. No. 11012. No. 11381. No. 11382, No. 11482. 
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The general appearance of the hind foot recalls that of the viverrines. The astra- 
galus is quite like that of Daphenus, but with some differences which tend in the direc- 
tion of the modern Canida, this bone in Cynodictis standing intermediate in structure 
between the two extremes, though somewhat nearer to Daphenus. The proximal or 
tibial trochlea is but little more deeply grooved than in the latter genus, and is therefore 
much shallower than in Canis, but its borders have the same clean-cut angularity as in 
the modern forms, instead of curving gradually into the facets for the tibial and fibular 
malleoli. In Canis the tibial trochlea is extended over upon the dorsal side of the neck, 
but this is not the case in either of the White River canines. The neck of the astraga- 
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lus is relatively longer than in Canis or eyen than in Daphenus, resembling that of such 
viverrine genera as Paradoxurus, but is not directed so strongly toward the tibial side of 
the foot as in Daphenus. The head with its convex navicular facet is shaped much as 
in Canis, except that it is more depressed in the dorso-plantar dimension. In Daphe- 
nus there is a distinct facet for the cuboid, which meets the nayicular facet nearly at ) 
right angles; in Cynodictis this cuboidal facet is very much smaller and sometimes it is 
altogether wanting, while in Canis the astragalus and cuboid are not in contact. As in 
Daphenus, the external caleaneal facet is more oblique in position and more simply con- 
cave than in Canis, but the sustentacular facet is different from that of both the genera 
mentioned ; it agrees with that of Daphenus in being shorter and wider than in the 
modern forms, but while in the former this facet is separate from. that for the navicu- 
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lar, in Cynodictis, as in Canis, it is confluent with it, but at a different point; 7. e., more 
toward the tibial side. The interarticular sulcus is somewhat deeper than in Daphenus, 
but shallower than in Canis. In the latter we find a third caleaneal facet which forms a 
narrow band upon the fibulo-plantar side of the head and is connected at one end with 


eo ee ee 


the sustentacular facet. This accessory calcaneal facet does not occur in either of the 
White River genera. 

The calcaneum, like the astragalus, is more viverrine than canine in general appear- 
ance and quite closely resembles that of Paradoxurus, but the resemblance to Daphenus 
is even more marked. The tuber is slender, compressed and proportionately much 
shorter than in Canis; in the latter the tuber makes up more than two-thirds of the 
total length of the caleaneum, while in Cynodictis it is about two-fifths of this length. 
The free end of the tuber is moderately thickened and club-shaped and is deeply grooved 
by the sulcus for the plantaris tendon. As in Daphenus, the dorsal and plantar borders 
of the tuber are nearly parallel and its dorso-plantar diameter is thus almost uniform- 
throughout, not increasing toward the distal end as it does in Canis. Near the distalend = 
of the calcaneum and on the fibular side is a very prominent process for the attachment 
of the lateral ligaments. ‘This process is not present in the recent Canide, but is ery) e 
conspicuous in the primitive carnivores, such as Dinictis and Daphenus, and it recurs ag 
among modern plantigrade and ee edie oe 
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prominence and, as in Daphienus, it carries a subcircular facet for the astragalus ; in the 
modern genus this surface is narrower and more elongate. The sustentaculum also agrees 
with that of Daphenus in not being so obliquely placed, with reference to the long axis 
of the caleaneum, as in the existing members of the family. On the plantar side, 
between the sustentaculum and the body of the bone, is a groove, the sulcus flexoris hal- 
lucis, which is better marked in Canis than in either of the White River genera. ‘This 
is curious, in view of the fact that the latter possess a well-developed and functional 
hallux, while in the former this digit is reduced to the merest rudiment. In Canis we 
find a third facet for the astragalus, a small plane surface distal to the sustentaculum, 
from which it is separated by a narrow sulcus; continuous with this accessory facet, but 
at right angles to it, is a small facet for the navicular. Neither of these articular surfaces 
is to be found in Cynodictis. The facet for the cuboid, which in the recent dogs is almost 
plane and semicircular in shape, is quite deeply concave and of nearly circular outline. 

The cuboid is relatively high and narrow, differing from that of Canis principally 
in the smallness of its transverse and dorso-plantar diameters. The proximal surface is 
occupied by a large facet for the calcaneum, which, as in Daphenus, is much more con- 
vex than in the existing dogs. The hook-like projection from the plantar side, which in 
Daphenus is very large and prominent and in Canis is even more massive, in the present 
genus is quite inconspicuous and is continuous with the projection from the fibular side 
which overhangs the deep tendinal suleus. The astragalar facet is small and is confined 
to the dorsal side of the cuboid, being much less extensive than in Daphenus. ‘The facet 
for the navicular isnot so prominent as in Canis or even as in Daphenus, and is con- 
tinuous with that for the ectocunciform. The distal end of the cuboid resembles that of 
Daphenus in having quite a concave facet for the head of the fourth metatarsal, while 
that for the fifth is lateral in position. In Canis, on the other hand, the surface for mt. 
iv is almost plane and that for mt. v occupies an entirely distal position ; the plantar 
portion of the facet for mt. iv is much narrower than in the two White River genera, 
and has thus quite a different shape and appearance. 

The navicular is almost a miniature copy of that of Daphenus and presents the 
same differences from that of Canjs. Seen from the proximal end, it is of more regularly 
oval shape and is less contracted on the plantar side than in the modern genus. The 
position of the navicular in the tarsus is likewise different. In Canis this bone has been 
somewhat rotated, so that its principal diameter is the dorso-plantar one, and on the 
plantar border it has been brought into contact with the caleaneum, for which’ it has 
acquired a special facet. It is of interest to observe that a similar but more extensive 
rotation of the tarsal elements has been carried out in the horses, as Riitimeyer has 
shown. In the White River genera, on the other hand, the principal diameter of the 
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nayicular is transverse, and owing to the elongation of the neck of the astragalus, it 1s 
carried so far distally that it can have no contact with the caleaneum, the astragalus 
articulating with the cuboid. The astragalar surface is concave, but somewhat less so 
than in Canis, and the facet for the cuboid is small and confined to the dorsal moiety of 
the fibular side. The distal end displays the usual facets for the three cuneiforms, which 
do not require any particular description. : 

The entocuneiform has much the same shape as in Canis, elongate in the proximo- 
distal diameter, but very narrow and much compressed. The navicular facet is rela- 
tively smaller than in the modern genus and there is no such distinct facet for the meso- 
cuneiform. The distal surface, for the head of the first metatarsal, is no wider but much 
more deeply concave than in Canis. 

The mesocuneiform is a minute bone and, as in the fissipede Carnivora generally, its 
vertical or proximo-distal diameter is much less than that of the adjoining ento- and 
ectocuneiforms, forming a depression or recess in the distal row of the tarsus, into which 
the head of the second metatarsal is tightly wedged. The only articular surfaces visible 
on the mesocuneiform are the proximal and distal, for the navicular and the second meta- 
tarsal respectively. 

The ectocuneiform is much the largest of the three. Compared with that of Canis, 
it is narrower in proportion to its height and is also less extended in the dorso-plantar 
dimension, but the projecting process from the plantar surface is even more prominent, 
and is more thickened and club-shaped at the free end. On the tibial side is a minute 
facet (not double as in Canis) for the side of mt. ii. The facet for the cuboid is much 
smaller than in the modern dogs and is confined to the dorsal border, while at the infero- 
external angle of the bone is a minute facet for the head of mt. ivy, which is not repre- 
sented in Canis. The distal end of the ectocuneiform is taken up by a facet for mt. iii, 
which is less concave and has a shorter plantar prolongation than in the modern genus. 

The metatarsus consists of five well-developed members. Unfortunately, there is 
not a single complete metatarsal preseryed in connection with any of the specimens, but 
enough remains to show that these bones were much longer and stouter than the meta- 
carpals, and that the disproportion in size and length between the fore and hind feet 
was much greater than in the recent dogs and quite as great as in many viverrines, such 
as Herpestes and Paradoxurus or as in Daphenus. 

The first metatarsal is sufficiently well preserved to indicate that the hallux was 
well developed and functional, though somewhat more reduced than in Daphenus, or in 
such recent yviverrines as Cynogale or Paradoxurus. The head bears a narrow, convex 
facet for the entocuneiform and upon its tibial side is a large, rugose prominence for the 
attachment of the lateral ligament. The shaft is very slender and is arched slightly 
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toward the fibular side of the foot, making the tibial border somewhat concave. The 
length of the bone, as already intimated, is not determinable, but the portion preserved 
in one specimen is nearly as long as the entire fifth metacarpal of the same individual. 

The second metatarsal is much stouter than the first and more slender than the 
third. The head is very narrow, being slightly excavated on the tibial side. Owing to 
the shortness of the mesocuneiform, the head of mt. ii rises above the level of mt. i 
and iii and is firmly held between the ento- and ectocuneiforms, though there are no such 
distinct lateral facets for these tarsals as we find in Canis ; a stout prominence occupies 
the plantar side of the head. The shaft is slender and of oval section, not having 
acquired the trihedral shape characteristic of the recent dogs. 

The third metatarsal is the stoutest of the series; the head is broad dorsally but 
very narrow on the plantar side, where there is a large, projecting process, more promi- 
nent than in Canis. The facet for the ectocuneiform is convex (in the recent dogs it is 
slightly concave) and oblique in position, inclining downward toward the tibial side. 
Deep sulci invade the head on both sides; on the tibial side the sulcus is narrow, but 
that on the fibular side is broad. A deep pit on the fibular side of the head receives a 
corresponding prominence from mt. iv, and an additional facet for the same metatarsal is 
found on the plantar projection, so that the two median metatarsals are very firmly inter- 
locked. The shaft, for most of its length, is of transversely oval section, very different 
from the squared, prismatic shape seen in Canis, though an approximation to this shape 
occurs in the proximal portion of the shaft, where mt. iii and iv are closely appressed. 
The distal end is broadened and antero-posteriorly compressed ; the trochlea resembles 
that of the corresponding metacarpal, save that it is larger and relatively somewhat 
lower. 

The fourth metatarsal is of nearly the same thickness as mt. iii, though a trifle 
more slender. The head is narrow and the facet for the cuboid is slightly convex in 
both directions; the plantar extension is neither so broad nor so prominent as in Canis. 
On the tibial side is a rounded protuberance, which is received into the depression 
already mentioned, in the head of mt. 11, while on the fibular side is an excayation for a 
prominence on mt. vy, and proximal to this excavation is a narrow but well-defined facet 
for the same metatarsal. Very little of the shaft is preserved, and this proximal por- 
tion has much the same tetrahedral shape as in the recent dogs. Doubtless, however, 
the distal part of the shaft assumes a transversely oval section, as does that of mt. iii, 
though the digits of the pes evidently diverge less distally than do those of the nvanus. 

The fifth metatarsal is entirely missing from all of the specimens, so that the inter- 
esting question regarding the reduction of the external ascending process cannot be 


answered. 
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The phalanges of the pes do not differ from those of the fore foot, except in their 


considerably greater size. 


Measurements. 


No. 10493. No. 11012. No. 11381. 
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LX. RESTORATION. 


The general appearance of the Cynodictis skeleton has little about it to suggest 
canine affinities, but has some resemblance to the civets and especially to the herpestine 
section of that family. This resemblance is not merely a general one of outline and pro- 
portions, but may also be traced in many of the details of structure. The small head, 
with its elongate and narrow cranium and short, tapering muzzle, is of strikingly viver- 
rine character. So is also the neck, which is relatively long and stout, the vertebrae hay- 
ing heavy centra and well-developed processes. The resemblance to the civets continues 
into the thoracic region, where the vertebre are small, especially in the anterior portion, 
and have short, slender neural spines. The thorax itself, with its slender and moderately 
curved ribs, is narrow and compressed, as in the Carnivora generally, while the prominent 
and compressed manubrium has a somewhat viverrine appearance. The lumbar region is 
long and is strongly curved upward; the vertebre are much elongated, with stout 
depressed centra, very long, slender and anteriorly directed neural spines, which are not 
like those of modern dogs or civets and most resemble the spines of Lynx. The trans- 
verse processes are likewise peculiar in their length and slenderness, ‘The tail is unlike 
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that of the modern dogs, being much longer, stouter and in every way better developed ; 
it was not, perhaps, quite so long proportionately as in Herpestes, but nearly so. This, 
however, is a primitive feature, which is common to the greater part of the earlier carni- 
vores and ungulates, and is even more conspicuous in Daphenus than in Cynodictis, 
while the White River Machairodonts, Dinictis and Hoplophoneus, have very long and 
massive tails. 

The limbs, though not so long proportionately as in the recent dogs, are much more 
so than in the John Day species, C. geismarianus, the hind legs being especially elon- 
gate. The scapula is not at all canine in character, being relatively very large and 
having the broad blade and irregularly curved coracoid border of the viverrines ; the 
great length of the acromion and the unusual size of the metacromion are peculiar. 
The humerus is short but quite heavy, and with its low trochlea, prominent deltoid and 
supinator ridges, and large epicondyle and epicondylar foramen, has an exceedingly 
viverrine appearance. The ulna and radius are relatively short and slender, and the 
discoidal head of the latter shows that the power of rotating the manus had been but 
little diminished ; the great styloid process of the radius is very characteristic. The 
carpus is low and the metacarpals are exceedingly short ‘and weak, resembling in their 
proportions those of Paradoxurus. The phalanges are elongate and the claws sharp 
and compressed. 

The pelvis has a viverrine appearance in its shape and in the elongation of its 
posterior portion, while the os penis resembles that of the mustelines in size and curva- 
ture. The femur is long and the tibia is somewhat longer than the femur, bearing much 
the same relation to that bone as in Canis, while the fibula is much stouter than in the mod- 
ern genus. The pes is far larger in all its dimensions than the manus, the difference in 
size between the two being much greater than in Canis. It is often exceedingly difficult 
to determine from the bones alone whether a given animal was plantigrade or digiti- 
grade in gait, but from the resemblance of the limb and foot bones of Cynodictis to those 
of the civets, it seems very probable that the former had a similar semiplantigrade gait. 

The John Day species, C. gersmarianus, is considerably larger than the White River 
forms, but resembled the latter in proportions. Cope says of it: ‘“ Although the skull 
and pelvis of this species have about the size of those of the fisher, the vertebra and 
humerus are more slender and the anterior foot is decidedly smaller. It is probable that 
the Galecynus [i. e., Cynodictis] geismarianus resembled a large Herpestes in general pro- 
portions rather than a Canis. It stood lower on the legs than a fox and had as slender 
a body as the most ‘ vermiform’ of the weasels, the elongation being most marked in the 
region posterior to the thorax. The tail was evidently as long as in the Ichneumons. 
Its carnivorous propensities were as well developed as in any of the species mentioned, 
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although, like all other Canide of the Lower Miocene period, the carnassial teeth are 


relatively smaller than in the recent types ” (785, p. 929). 


The White River species of this genus are probably two in number, 
CYNODICTIS GREGARIUS Cope. 


Syn. Amphicyon gracilis Leidy (non Pomel), Proc. Acad. Nat. Sci. Phila., 1856, p. 90 ; 
1857, p. 90; Ext. Mamm. Fauna Dak. and Nebr., p. 36. Amphicyon angustidens 
Marsh, Amer. Journ. Sci. and Arts, 3d Ser., Vol. II, p. 124. Canis gregarius Cope, 
Ann. Rept. U.S. Geolog. Surv. Terrs., 18738, p. 506. Galecynus gregarius Cope, 
Tertiary Vertebrata, p. 916. ; 


This is the species which has been described so minutely in the foregoing pages. It 
is one of the commonest White River animals and is very much more frequently met 
with than any of the contemporary carnivores. Despite this abundance of individuals, 
well-preserved specimens are rare and eyen these consist mostly of skulls only. As will 
be seen from the tables of measurements, the different specimens vary little in size or in 
the proportions of the yarious parts of the skeleton. One apparent exception to this 
statement may be found in the case of No. 11581, which is remarkable for the length of 


its hind limb, but this probably belongs to the following species : 
CYNODICTIS LIPPINCOTTIANUS Cope. 


Canis lippincottianus Cope, Synopsis of Vertebrata Collected in Colorado ; Miscell. Publ. 
U.S. Geolog. Surv. Terrs., 1873, p. 9; Ann. rept. U.S. Geolog. Surv. Terrs., 1873, 
p. 906. Galecynus lippincottianus Cope, Tert. Vert., p. 919. 


The status of this species is still a matter of some uncertainty ; Cope, who estab- 
lished it upon mandibular rami, describes it as haying “dimensions half as large again as 
in C. gregarius,” and adds: “ Unfortunately there is not enough material in my hands 
to render it clear whether the specimens represent a distinct species or a large variety of 
the C. gregarius” (85, p. 920). 

Among the specimens described in the foregoing pages is one (No. 11581) in which 
the limb bones decidedly exceed in length and thickness those of the other individuals, 
while the cranium is but little larger. Probably this specimen should be referred to C. 
lippincottianus, but in the absence of teeth the reference can be only provisional. 


In the John Day formation Cynodictis is represented by more numerous and more 
varied species than in the White River beds; from the former horizon Cope has deter- 
] y Ap a = a I - ° . . 
mined C. gregarius, C. lemur, C. latidens and C. geismarianus. 
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Still another species should be mentioned in this connection. In the American 
Museum of Natural History, New York, are the remains of a small cynoid animal from 
the Uinta beds, which may belong to Cynodictis, or if not, should be .referred to some 
closely allied genus. It is important to observe that in the Uinta stage (uppermost 
Eocene or lowest Oligocene) we find that the two canine series, represented in White 


River times by Daphenus and Cynodictis, had already been established. 


Tor PHYLOGENY OF THE CANIDA. 


It seems probable that the fossil genera of this family already known are sufficient 
to indicate to us the main outlines of its phylogenetic history. The problem of recon- 
structing the series is, however, obscured by two circumstances ; first, the variety and 
multiplicity of nearly allied genera, the mutual relationships of which are very complex 
and difficult to disentangle ; and in the second place, by the fact that only rarely do we 
obtain satisfactory material of any of the genera. Most of the forms are known only 
from the skull and teeth, and the skeleton has, so far, been found in but few of the 
species. Cynodictis, Daphenus, Temnocyon and Atlurodon are now known from more 
or less complete skeletons, but we shall need to learn far more than we know at present 
concerning the structure of the other genera before we can reach a solution of the many 
problems of canine phylogeny. 

Before taking up the discussion of these phylogenetic problems, it will be conveni- 
ent to establish the order of geological succession in which the various genera make their 
appearance. We haye seen that in the Uinta there appear to be two distinctly sepa- 
rated canine series, one of which is represented by ? JMacis and the other by a genus 
which is very closely allied to, if not identical with Cynodictis. The former series would 
seem to be continued into the White River by Daphenus and the latter, of course, by 
Cynodictis. The latter genus may well prove to be of Old World origin, for in the 
European Oligocene it attains such a variety and fullness of development as it never 
reached in America, although, on the other hand, the American creodont genus Miacis, 
from which Cynodictis probably took its origin, has not yet been found in Europe. In 
the John Day stage the canine phylum underwent an extraordinary expansion. Daphe- 
nus persisted, but is represented only by a single small species, D. cuspigerus, while the 
series branched out into several distinct and more or less specialized genera, such as 
Temnocyon, Hypotemnodon, Cynodesmus, Enhydrocyon, and perhaps even the little known 
Hycnocyon. No new genera of the Cynodictis series have yet been detected, but that 
genus itself became differentiated into many more species than occur in the White River, 
and gome of these may, on better knowledge, prove to be generically distinct. On the 
other hand, Oligobunis probably represents, as Schlosser has suggested, an immigrant 
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from the Old World, belonging to the series which leads from the Oligocene Cephalogale 
to the Pliocene Simocyon. The dogs of the Loup Fork, with the exception of the aber- 
rant Alurodon, are very imperfectly known and the remains of them which have been 
found are not, according to present knowledge, generically separable from Canis, though it 
hardly seems probable that the modern genus had actually been differentiated so early as 
the upper Miocene, and we may regard it as extremely likely that these supposed repre- 
sentatives of Canis will eventually prove to belong to more primitive genera. None of 
the forms which have hitherto been found in the Loup Fork beds can be referred to the 
Cynodictis line. 

The mutual relationships between the two canine series, which are already so well 
distinguished in the Uinta, are quite obscure and puzzling, although there is nothing to 
forbid the assumption that both series converge toa common ancestor in the Bridger, per- 
haps the genus Miacis. The Cynodictis series, when we first meet with it, is decidedly 
more advanced than the other phylum, as is shown in the development of the skull, the 
reduction of the dentition, the character of the limbs and feet and the digitigrade gait. 
Continuing through the White River age and, so far as North America is concerned, at- 
taining its maximum of development in the abundance and variety of its species in the 
John Day, the line apparently disappears and can be traced no farther. Whether the 
series actually died out at the end of the John Day, or whether it continued farther and 
possesses representatives even at the present time, are questions which cannot yet be defi- 
nitively answered. Schlosser (88, p. 247) has suggested that some of the species of Cyno- 
dictis may, perhaps, be of phylogenetic significance in the canine stem, but if so, they 
can hardly be placed in the thooid series, which apparently has no place for them. M. 
Boule (89, p. 321), in an article upon the Pliocene Canis megamastoides Pomel, comes to 
the conclusion that the modern Canidae are diphyletic, and have arisen by a process of. 
convergence, the thooids and the bears being divergent groups derived from Amphicyon, 
while the alopecoids and yiverrines are descended from Cynodictis. In discussing the 
affinities of the Pliocene form Boule says : 

“ La description précédente nous montre que le fossile de Perrier se rattache de plus 
pres aux Renards qu’ aux autres représentants actuels de la famille des Canidés. Par 
son crane, le Canis megamastoides ressemble beaucoup le Renard de nos pays. Par la 
forme de sa mandibule, il se place au contraire prés des Renards américains (Canis 
canerivorus, C. azare, C. cinereoargentatus) et pres de  Otocyon megalotis de V Afrique 
australe. Ces espices, notamment la derniére, sont regardées par tous les auteurs com- 
me des formes primitives. 

“Tout en ratifiant ce premier rapprochement, la dentition presente des caractéres 
particuliers que nous retrouyons en grande partie dans les Cynodictis et Cephalogale du 
Miocene (p. 327). 
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“Les belles récherches de M. Filhol nous ont réyélé la richesse en espéces de ces 
genres si curieux, plac¢s aux confins de plusieurs familles de Carnassiers. Les Cynodic- 
tis et les Cephalogale avaient la formule dentaire des Chiens actuels, mais leurs dents 
presentaient un aspect particulier qui a valu a ces animaux fossiles le nom de Chiens 
viverriens. Or en étudiant les piéces originales de la collection du Muséum et les livres 
de M. Filhol sur les Phosporites du Querey, j’ai ¢té frappé de retrouver, comme parsemés 
dans diverses especes de Cynodictis beaucoup des charactéres présentés par le Canis mega- 
mastordes”” (p. 328). 

“Tl semble done que les Renards actuels représentent une branche emanée du buis- 
son touffer des Cynodictis, duquel se serait également detachée la branche des Viverridés, 
Je suppose que lorsqu’ on connaitra suffisament les membres des diverses espéces de Cyno- 
dictis, on trouvera des formes de passage allant d’un cdté aux membres des Viverridés et 
dun autre edté aux membres des Renards. 

“Si ces considerations sont exactes, les Chiens ont une origine differente des Renards. 
Les Amphicyons représentent les anc¢étres communs des Ours et des Chiens, comme les 
Cynodictis représentent les ancétres communs des Civettes et des Renards ” (p. 329). 

M. Boule’s argument as to the derivation of the foxes from Cynodictis is not a very 
convincing one and is open to several obvious objections. In the first place, M. Boule does 
not define the sense in which he uses the term fox; it is evidently not the same as Hux- 
ley’s alopecoid, for C. cancrivorus and C. azarae are called foxes, while Huxley regarded 
them as typical though primitive thooids. M. Boule does not say whether C! megamas- 
toides possessed a frontal sinus, but from the statement that “le frontal est saillant, d sur- 
face arrondie” (pp. 324, 325), one would infer the presence of a sinus, and if so, C. mega- 
mastordes is not an alopecoid, but a thooid. The presence or absence of frontal sinuses 
and the shape of the cerebral fossa are the only diagnostic characters which Huxley could 
find definitely distinguishing the two canine series from each other. In the second place, 
the resemblances in tooth structure between Cynodictis and Canis megamastoides, wpon 
which M. Boule places such emphasis, are in themselves of no great value, because the 
resemblance of the latter species to Cephalogale is eyen greater, and Cephalogale, as 
Schlosser has shown, probably belongs in a totally different line, which has no existing 
representatives. In any event, the gap between the Pliocene and Oligocene forms is 
still so wide that no determination of the taxonomic value of their resemblances and 
differences can yet be made. 

Again, it is highly improbable that the viverrines can be descended from Cynodictis, 
for the latter, though having certain marked resemblances to the civets, is in all essen- 
tials of structure distinctly a member of the Canida, and is no more ancient than cer- 


tain unmistakable viverrines. Indeed, the genus Viverra itself is reported from the 
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upper Eocene of Europe, occurring in the same horizons as those in which Cynodictis 
first appears. For similar reasons, it is very difficult to believe that Amphicyon can be 
the ancestor of the thooids, for that genus has already begun to become differentiated in 
the direction of the bears and is contemporary with or even younger than certain Ameri- ; 
can genera, such as Temnocyon and Cynodesmus, which are undeniable thooids. 
M. Boule’s hypothesis involves some rather startling consequences ; if true, we shall | 
be forced to conclude that the two series of modern Canide have been separated ever | 
since the close of Eocene times and that they had no common ancestor nearer than the 
middle Eocene or Bridger stage. This conclusion would imply such an extreme and 
remarkable degree of parallelism or convergence as has hardly been believed possible, 
an exact parallelism in all parts of the dentition, skeleton and soft parts, terminating in 
almost complete identity of structure. Indeed, many systematists regard most of the 
modern foxes and wolyes as belonging to the single genus Canis, and Huxley speaks of | 
the differences between them as being so slight, that a generic separation can be justi- 
fied only on the grounds of conyenience. Is it conceivable that two series of mam- 
mals which were already separated in the Eocene should haye converged into what is 


i 
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practically a single genus? 

Unlikely as it may appear, I am inclined to believe M. Boule’s hypothesis concern- 
ing the relationship of Cynodictis to the alopecoids is not to be summarily dismissed, but 
that it may eventually prove to be well founded. It is certainly a suggestive fact that 
Cynodictis, like the foxes, is deyoid of any frontal sinus, while all of the other. Ameri- 
can genera, from Daphenus onward, have well-marked sinuses, as in the wolves. Fur- 
thermore, whateyer conclusion we may reach with regard to the single or dual origin of —— 
the Caunida, there is much reason to believe that such extreme cases of parallelism and 

convergence haye oceurred among mammalian phyla and that they may be more. fre- < 
quent than is commonly supposed. One very striking example is that of the true cats 
(Feline) and the sabre-tooth series (Machairodontine) an pointed. out by Cope i$ 
and elaborated in much detail by Adams (96). eae as AM AMER. i as sn 
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tion of the condylar foramen from the foramen lacerum posterius, etc.; the femur has a 
third trochanter and the humerus an extremely prominent deltoid ridge; the feet are 
plantigrade and pentadacty! and, like those of many of the viverrines, they are supplied 
with partially retractile and very incompletely hooded claws. In all probability these 
structural characters also occurred in the ancestral Feline, but what distinguishes even 
the earliest Machairodonts is the elongation and compression of the upper canines, the 
reduction in size of the inferior ones and the development of bony flanges from the ven- 
tral border of the mandible for the protection of the superior tusks. From such begin- 
nings the sabre-tooth series may be traced, with various divagations and side branches, to 
the Pleistocene Smilodon, which in all parts of its structure is extraordinarily like Fe/is, 
the only important differences consisting in the dentition (which is of similar type) and 
in the modifications of the skull, which are necessarily correlated with the enormous 
enlargement of the upper canine tusks. 
om Seeing, therefore, that the machairodont series is well-nigh complete and that none 
of its known members is at all likely to prove ancestral to the true cats, there can be 
little reasonable doubt that the remarkably close resemblance which we observe between 
$ Felis and Smilodon is not directly due to their relationship, but has been independently 
4 wi acquired in the two series and is the outcome of a parallel course of development, con- 


tinued from the Oligocene to the Pleistocene. If this be true, there can be no @ priort 
ground for denying that the same phenomena may have been repeated in the dogs and 

that Boule’s suggestion concerning the derivation of the alopeeoids from Cynodictis may — 
possibly prove to be correct. In this case, however, the final identity of the two series is 
even more striking than in the cats and Machairodonts ; to verify the suggestion, it will 
be necessary to recover the missing links of the alopecoid phylogeny and to show that it 
* followed a course parallel to but independent of that of the thooids. . 

- Another alternative possibility is that the foxes beeame separated from the principal 
~ canine phylum at a comparatively late date, and that, consequently, Cynodictis and its 
a allies represent but an abortive side-branch from the main stem. That the separation is 
rs ‘considerable: antiquity is shown by the parallel arrangement of the two series to which 
gage pueda attention. flo pela melee ane eee we ‘on species ese microdont 
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hypothesis, I think it should not be assumed in a given case except upon the clearest 
evidence. Whichever of these alternatives be true, it is, in any event, probable that the 
alopecoids are not of American origin. 
Still a third possible solution of the problem concerning the mutual relationships of 
the wolves and foxes is that Cynodictis, or some similar form, is the common ancestor of 
both lines, and that the supposed early thooids, such as Daphaenus and Cynodesmus, are 
devoid of permanent phylogenetic significance. This is decidedly the least probable of 
the three alternatives, for the thooids of the American Oligocene and Miocene seem to 
form a truly connected series, in which Cynodictis has no place. Further, this view 
involves the assumption that the supposed thooids have independently run a course par- 
allel to that of the true thooids and thus encounters the very difficulty which it was _ 
intended to avoid. The conclusion which we reach is, therefore, that the thooids are 
probably of American origin and that the alopecoids are a branch which the wolf stem 
gave off after certain of its representatives had established themselves in the Old World. 
The thooid genealogy itself is by no means free from difficulties. In a former paper 
(94), I suggested that the line begins in Daphanus of the White River, and is con- 
_ tinued by the John Day Cynodesmus, but now that we have learned the remarkable char- 
acters of the skeleton, especially of the limbs and feet, of the former genus, this view no — 
longer appears so simple and natural, and its acceptance carries with it some far-reaching 
and unexpected consequences. In particular, it might be objected to this view that the 
peculiar differentiation of the feet in Daphenus would exclude that form from any place E 
in the direct canine phylum, for it seems @ priori unlikely that the dogs should first have 7 
acquired the power of retracting the claws and should then have subsequently lost it. | 
Indeed, many morphologists are inclined to deny altogether the possibility of this method oF 
of evolution. In the present state of knowledge, however, such a denial is at least prema- 
ture, and there is a considerable body of evidence which goes to show that it does not Saag 
properly apply in the case of the canine phylum. Ne vascess earn Aeeeiee ry; 
In the first place, the John Day genus Temnocyon, the ae of wh en 
, very fully described by Eyerman (’96), appears to be a direct descend 
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probability, was not cursorial in habits, Zemnocyon, on the other hand, was undoubt- 
edly cursorial and probably essentially resembled the modern wolves in appearance and 
habits. In this change to a digitigrade gait and cursorial habit, it seems quite reasonable 
to suppose that the mode of using the claws should have been changed likewise, the feet 
being used almost exclusively for purposes of locomotion and the claws losing their 
importance as weapons and grasping organs. Under these circumstances the power of 
retraction would become superfluous and tend to disappear, although, as we have seen, 
Temnocyon retains recognizable traces of the structure which permits retraction of the 
claws. It is true that Temnocyon itself is not in the direct line which leads up to the 
modern Canida, for the heel of the lower sectorial and the whole of my have become 
trenchant through the loss of the internal cusps, a curious specialization ; but, on the 
other hand, there is no reason to suppose that it differed in any other important respect 
from its contemporary Cynodesmus, which appears to be a member of the direct phylum. 
In the second place, a similar loss of the power of retracting the claws has almost 
certainly occurred among the Kehide. The hunting leopard or cheetah (Cynelurus) has 
acquired something of the proportions and appearance of the wolves, having very elon- 
gate limbs and feet and a running gait which is described as quite different from that of 
the ordinary cats. Comparing the phalanges of Cynelurus with those of Hehs, some 
marked differences are at once apparent; in the lateral digits the second phalanx is 
quite symmetrical and is not excavated on the ulnar (or fibular) side; the excavation 
is distinctly shown only in the third digit and is much less marked in the fourth. The 
bony hood of the ungual phalanx is much reduced, leaving more than half the length of 
the phalanx exposed, and the subungual process is much smaller than in Felis. The tar- 
sus, in fact the skeleton of the entire pes, has a canine aspect, and the retractility 
of the claws is very partial and imperfect. Now, there can be little doubt that Cyne- 
lurus is not the remnant of a very ancient group, given off from the feline stem at a 
time when the power of retracting the claws had been but partially attained, but that it 
was derived from ancestors which differed little from edis. If such a transformation 
could take place among the cats, there would seem to be no good reason for denying that 
it might also occur in the dogs. | 
Unfortunately, the phylogenetic history of the dogs is not made clearer and more 
intelligible by reason of the new material of Daphenus, which has been described in 
the foregoing pages, and which raises more problems than it solves. I am inclined to 
believe, however, that Daphenus should still be given a place in the canine phylum, 
for the differentiation of its limbs and feet is hardly of that radical kind which would 
prevent a subsequent change in the trend of development, and its many resemblances 
to the early Machairodonts are, at least in part, survivals of primitive conditions, sey- 
A 2. 8.-—-VOL, XIX. 2 Z, 
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eral of which, like the shape of the radius, recur in Cynodictis. ‘Tending to the same 
conclusion is the fact that what little is known of the structure of the creodont Mhacis 
is of similar composite canine-feline character and it is to that creodont family to which 
most of the lines of fissipede Carnivora appear to lead back. It may be hoped that the 
problem will receive its definite solution when we shall have recovered the as yet miss- 
ing or very imperfectly known dogs from the Uinta, uppermost White River and lowest 
John Day formations, and are thus enabled to trace the successive changes step by step. 
Assuming, then, as probable that Daphaenus should have a place in the direct canine 
phylum, the larger question at once arises: What was the relation between the early 
members of the Canide and Felidae, and of both of these groups to the other fissipede 
families? It seems to be a comparatively rare phenomenon among the mammals that 
parallelism or conyergence of development should be manifested in all parts of the struc- 
ture of two independent lines, though that this may happen is shown by the case of the 
Machairodonts and felines, to which reference has already been made. Usually, however, 
parallelism is displayed in a few structures only, such as the dentition, or the feet, or the 
vertebrie, and the more widely separated any two phyla are at their point of origin, the 
less likely are they to deyelop along similar lines. It will be sufficiently clear from the 
foregoing descriptions that the resemblances between Daphenus and the more primitive 
Machairodonts, such as Dinictis, are not only exceedingly close, but that they recur in 
all parts of the skeleton. The skull, the vertebral column, the limbs and the feet are 
all so much alike in the two series that, in the absence of teeth, it is often very difficult 
to decide to which of the two a given specimen should be referred. Such close and gen- 
eral resemblance is prima facie evidence of relationship, even though it should have been 
independently acquired, because parallelism is much more frequent between nearly allied 
than between distantly related groups. In the present instance, however, there is no rea 
son to infer that the resemblances were separately attained ; on the contrary, the evidence 
now available seems to fayor the conclusion that the dogs and cats are derivatives of the 
same Eocene stock. It cannot be pretended that this conclusion is, as yet, a well-estab- 
lished one, nor can it be so established until we recover the missing links of the canine 
and feline genealogies. Daphenus may eventually prove to be merely an abortive side- 
branch without phylogenetic significance, though this seems unlikely in view of its rela- 
tionship to the John Day dogs. -On the other hand, when we have learned more of the 
Uinta dogs, it may appear that all the many resemblances of Daphenus to the Machai- 
rodonts have been separately attained ; but existing evidence does not favor this sug- 
gestion either. It seems exceedingly likely that the dogs and cats are more closely 


related than has hitherto been believed and that they were derived from a common mid- 
dle or late Eocene progenitor. 
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On the assumption that the dogs and cats are thus quite closely connected, what can 
be said concerning the relations of the other fissipede families with these groups and with 
one another? Of the derivation of the Procyonidw nothing is yet known ; the family 
may be traced back into the Loup Fork without finding essential changes, but beyond 
that period we lose track of it altogether. The position of the bears and hyzenas is rea- 
sonably clear, the latter being late derivatives of the viverrines and the former of the 
dogs, neither family making its appearance until long after the other fissipede groups 
had become clearly differentiated. The Viverridew have a great many characters in com- 
mon with both the early dogs and the early Machairodonts ; almost all the structural 
features which are found in both Daphenus and Dinictis recur also in the viverrines, 
and the latter again have many points of similarity to Cynodictis, as has often been 
remarked. ‘That the viverrine features of Cynodictis are more numerous and apparent 
than those of Daphenus is largely due to the small size of the former, which agrees 
much better with the stature usual in the recent viverrines. The viverrines thus seem 
to be derivatives of the same Eocene stock as that which gave rise to both the dogs and 
the cats, though, perhaps, they are more nearly allied to the latter than to the former, 
and apparently they have departed less from that primeval fissipede stem than has either 
of the other families. Aside from the peculiar character of the auditory bulla and the 
reduced number of the molar teeth, such a genus as Viverva would seem to differ but 
little from the hypothetical Eocene ancestor of all the fissipede families. The J/ustelide 
represent a quite specialized branch of the fissipedes, but between its earlier and more 
primitive members and the corresponding representatives of the viverrines are so many 
structural resemblances that Schlosser does not hesitate to derive them from a common 
stem. An interesting and significant example of this community of characters among 
the early representatives of the different fissipede families is given by the os penis of 
Cynodictis, which resembles that of the mustelines much more closely than that of the 
modern dogs. This probably indicates that all of the earlier fissipedes had this bone 
shaped very much as in the existing mustelines, which have thus retained the primitive 
form, while in the other families it has become much modified in shape and size. This 
would explain the apparent anomaly of the very large os penis of Cryptoprocta which is 
so different from that of the other viverrines. According to this way of looking at the 
subject, there was a middle Eocene group of flesh-eaters, perhaps the creodont family 
Miacide, which rapidly diverged into four principal branches, the cats, dogs, viverrines 
and mustelines, all of which families were established in the late Eocene or early Oligo- 
cene, and to these should perhaps be added a fifth family, the Procyonide, though of this 
we know nothing definite. The Fissipedia are thus probably a monophyletic rather 
than a polyphyletic group, which was derived from a single creodont family. 
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It is exceedingly difficult to unravel all this complicated mesh-work of similarities 
and definitely to distinguish those characters which are due to genetic relationship from 
those which are merely phenomena of parallelism or convergence. But the important 
fact remains that in the late Eocene and early Oligocene all of the families of fissipede 
Carnivora which had then come into existence were very much alike and in all parts of 
their structure resembled one another much more closely than do their modern repre- 
sentatives. They are obyiously converging back to a common term, and the only ques- 
tion is what that common term was and whether we are to look for it in the middle or 
the lower Eocene. It must be reiterated, however, that natural and probable as this con- 
clusion appears to be, it is only tentative and cannot be demonstrated until the successive 
phylogenetic stages of each family are much better known than they are at present. 


SuMMARY. 


1. Daphenus, so named in 1853 by Leidy and afterwards referred to Amphicyon, is 
very different from the latter and an entirely distinct genus. 

2. The dental formula is: I 3, C4, P 4, M3; the premolars are small and sim- 
ple and are set well apart in the jaws; the sectorials are small and primitive, especially 
in? D. Dodgei, and the molars relatively large, most so in D. vetus. The dentition is 
more like that of the creodont family Miacide than of the typical modern dogs. 

3. The skull is of a very primitive character, with short face, very elongate cranium 
and high sagittal crest; the cranial cavity is of small capacity and the postorbital eon- 
striction is placed far back of the eyes. Large frontal sinuses are present. 

4. The occiput is low and broad, with very prominent crest; the paroccipital pro- 
cesses are short and blunt and are widely separated from the tympanic bulle. 

5. The auditory bulla is minute and does not fill wp the fossa, exposing the periotic ; 
it probably represents only the anterior chamber, the posterior chamber was either not 
ossified or was very loosely attached, so that it is lost in all the known specimens. 

6. The cranial foramina differ very little from those of Canis. 

7. The mandible has a short horizontal ramus, varying in its proportions in the 
different species ; the ascending ramus is low and very broad. 

8. The brain is remarkable for the small size and simple convolutions of the cerebral 
hemispheres and the large size of the cerebellum and olfactory lobes. 

9. The foramina of the atlas differ from those of the recent dogs and resemble those 
of the cats. 

10. The axis is also of feline character, especially in the shape of the neural spine. 

11. The other cervical vertebree have more prominent zygapophyses, narrower neu- 
ral arches and higher neural spines than in Canis, 
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12. The thoracic vertebrae probably numbered thirteen ; they resemble those of the 
modern dogs, except for their longer neural spines, and for the much more prominent 
anapophyses on the last three vertebree. 

13. The lumbars, probably seven in number, are remarkably large and massive and 
all their processes are very long; the appearance of these vertebree is feline rather than 
canine. 

14, The sacrum is composed of three vertebrae and resembles that of the larger cats 
in its size and weight. 

15. The tail is very long and stout, resembling in its proportions and in the devel- 
opment of the individual vertebree that of the leopard. 

16. The humerus is in most respects like that of the Machairodonts, Dinictis and 
Hoplophoneus, having very prominent deltoid and supinator ridges, very low trochlea, 
Jarge epicondyles and an entepicondylar foramen. 

17. The radius is very feline in character, as is seen in the discoidal head, the slen- 
der curved shaft and expanded distal end. 

18. The ulna is much less reduced than in the modern dogs, and its shape, espe- 
cially that of the distal end, is much more feline than canine. 

19. The only carpal element preserved is the scapho-lunar which is very like that 
of the Machairodont Hoplophoneus. 

20. There are five metacarpals which are not at all like those of modern dogs, the 
pollex being far longer and all of the metacarpals having short, slender, rounded shafts, 
spheroidal distal trochlez, and a divergent instead of a parallel arrangement. The con- 
tact of me. ii with the magnum and of me. iv with the unciform is much less than in 
the true felines and about as in the Machairodonts. 

21. The pelvis is machairodont rather than canine, the ilium being relatively short 
and narrow, the ischium long, with inconspicuous tuberosity, and the obturator foramen 
large; the pubic symphysis is elongate. | 

22. The femur is not very long in proportion to the size of the animal ; its troch- 
lea is very low and shallow ; a third trochanter appears to have been present. 

23. The patella is like that of Dinictis, being broad, thin and almond-shaped. 

24. The tibia is short and slender and bears considerable resemblance to that of 
Dinictis ; its distal end bears a very large internal malleolus and feebly grooved astra- 
galar trochlea. 

25. The fibula is much stouter than in Canis and has more thickened ends. 

26. The tarsus is, on the whole, of machairodont or viverrine character, but with 
not a few canine features. | 

27. The metatarsus has five members, a well-developed hallux being present; the 
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character of these is intermediate between those of the dogs and those of the Machairo- 
donts. 

28. The phalanges are long and depressed; the second one is excavated on the 
fibular side, showing that the claws were partially retractile, though much less completely 
so than in the cats; the unguals are straight, compressed and bluntly pointed, and with 
bony hoods much as in Canis. 

29. The known species of Daphenus are: D. vetus Leidy, D. hartshornianus Cope, 
D. felinus, sp. noy., ?.D. Dodgei sp. noy., all from the White River beds, and D. cuspi- 
gerus Cope, from the John Day. 

30. The cynoid from the Uinta beds, JI/acis wintensis, is regarded as the forerunner 
of Daphenus. | 

31. The small American cynoids of the White River and John Day, and, perhaps, 
of the Uinta, should be referred to the European genus, Cynodictis. 

32. The dental formula of Cynodictis is: I 3, C4, P 4,M 2; the premolars are 


small, the sectorials microdont and quite viverrine in appearance, but more trenchant 
than those of Daphenus, and the tubercuiar molars are small. 

35. The skull has a very viverrine look; the face is short, the cranium long, though 
shorter and fuller than in Daphenus, and the postorbital constriction is near the orbit ; 
the sagittal crest is low and weak, and in the small C. /emur is replaced by a lyrate area. 

34. There are no frontal sinuses. 

35. The occiput is low and broad, the crest inconspicuous and the paroccipital pro- 
cesses are small and not in contact with the bulle. 

36. The auditory bulla is very large and the posterior chamber fully ossified. 

57. The cranial foramina are like those of Canis, save for the visible carotid canal. 

38. The mandible has a short, slender horizontal ramus and the ascending ramus is 
much narrower than in Daphenus. 

39. While the cerebral hemispheres are larger and better convoluted than those of 
Daphenus, they are smaller and have fewer, straighter sulci than in the modern Canide ; 
the olfactory lobes are large and the cerebellum complex. 

40. The atlas has short transverse processes and its foramina are feline in character. 

41. The axis is much like that of Viverra. 

42. The other cervicals are of canine type. 

43. The thoracic vertebrae are small and have high, slender spines ; on the last two 
are prominent anapophyses. 

44. The lumbar region is long, heavy and arched upward ; it is composed of seven 
vertebrae, which have very long transverse processes and low, slender spines. Anapo- 
physes are large anteriorly, but disappear on the sixth, 
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45, The tail was very much as in such viverrines as Herpestes. 

46. The sternum is of a generalized fissipede character, without special resemblance 
to either dogs or viverrines. 

47. The scapula has little resemblance to that of Canis, being low and broad, with 
spine placed nearly in the middle of the blade; the metacromion is very large and the 
acromion exceedingly long and prominent, from which it may be inferred that the clayi- 
cles were less reduced than in the modern dogs; the coracoid is very large. 

48. The humerus is much more yiverrine than canine in appearance, having, like 
Daphenus, very prominent deltoid and supinator ridges, a low trochlea and entepicon- 
dylar foramen, but no supratrochlear perforation. 

49. The radius is like that of Daphenus, except for the immense styloid process. 

50. The ulna is much stouter than in the recent dogs and differs from. that of 
Daphenus in haying the distal radial facet sessile. 

51. The carpus contains a scapho-lunar which is quite like that of Canis ; the pyra- 
midal is viverrine and the pisiform quite peculiar in shape ; a radial sesamoid appears to 
have been present; the trapezoid and magnum are canine, while the unciform is viverrine. 

52. ‘The metacarpus has five elements, which are very short and slender like those 
of the civets. 

53. The pelvis is, in general, canine, but primitive in the elongation of the post- 
acetabular portion. 

54. The os penis is very large and shaped like that of Cryptoprocta and the muste- 
lines. 

50. The femur is elongate and differs little from that of the recent dogs, except 
in the presence of a small third trochanter and in the narrow, shallow rotular trochlea. 

56. The patella is wide, thin and scale-like, herpestine in shape. 

57. The tibia is of nearly the same length as the femur, and its distal end is like 
that of Daphenus and Dinictis, but more deeply grooved. 

58. The fibula is relatively stout. 

59. The general appearance of the pes is viverrine and has many resemblances 
to that of Daphenus and some to that of Canis. 

60. A well-developed hallux is present and the metatarsals exceed the metacarpals 
in length much more than they do in Canis. 

61. The phalanges differ materially from those of Daphenus in that the claws 
are little or not at all retractile ; the unguals have but rudimentary hoods. 

62. The skeleton of C. geismarianus was very herpestine in proportions, while that 
of C. gregarius was more like that of a very small fox in which the hind leg much 
exceeded the fore leg in length. 
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63. The known American species of the genus are: C. gregarius Cope and C. 
lippincottianus Cope (the latter doubtful) from the White River, and C. gregarius Cope, 
C. geismarianus Cope, C. latidens Cope and C. lemar Cope, from the John Day. 

64. The dogs are represented in the Uinta by two lines, ? Cynodictis and Miacis, the 
former continued through the White River and John Day and the latter apparently 
passing into Daphenus of the White River, and through this into Zemnocyon, Hypo- 
temnodon, Cynodesmus and Enhydrocyon of the John Day, Oligobunis of this formation 
being probably an immigrant from the Old World. 

65. M. Boule’s hypothesis that the alopecoids are derived from Cynodictis and the 
thooids from Amphicyon implies an improbable degree of convergent development, but 
it is not to be rejected as impossible. According to present evidence the alopecoids 
arose relatively late from the thooid stem. 

66. The thooid line appears to be Miacis—Daphenus—Cynodesmus— Canis, the re- 
tractile claws of Daphenus having been changed when the digitigrade gait and cursorial 
habit were assumed. 

67. The very many resemblances between Daphenus, Cynodictis and Dinictis were 
probably not independently acquired, but point to a common Eocene ancestor. 

68. The early members of the canines, felines, mustelines and viverrines all haye a 
great many more structural features in common than do their existing representatives 
and would seem to converge to a single Eocene type, which may prove to be the 
creodont family Miacide. The hyenas and bears belong to a later cycle of develop- 


ment and were derived, the former from the viverrines and the latter from the dogs. 
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EXPLANATION OF THE PLATES. 


Plate XTX. 


Fig. 1. Daphenus hartshornianus Cope. Side view of skull. 

Fig. 2. 4 s a Palate and teeth of a second specimen. 

Fig. 3. * Ne Re Occiput ; same specimen as Fig. 1. 

Fig. 4. i ce - Basis cranii of same individual : ty., tympanic ; f., fossa behind bulla ; ¢. /-, 


condylar foramen. 


Fig. 5. Daphenus hartshornianus Cope. Right lower jaw. 

Fig. 6. Daphenus Dodge, sp. nov. Lower teeth, crown view. 

Big ht: ag as «« «Side view of right lower jaw. 

Fig. 8. Daphenus vetus Leidy. Lumbar vertebra, from the side. 

ica9: vy ss os Anterior caudal vertebra from above ; same individual. 

Fig. 10. “ “4 ce Posterior caudal vertebra from the side ; same individual. 

Fig. 11. Cynodictis gregarius Cope. Side view of skull (lower canine broken away). 

Biss 12: es a a Brain cast from the right side: olf., olfactory lobe; r/., rhinal sulcus; /., 


frontal bone, showing the absence of sinus. 
Fig. 13. Cynodictis gregarius Cope. Atlas from above. 
(All figures natural size.) 


Plate XX. 


Fig. 14. Daphenus vetus Leidy. Sacrum from above ; same specimen as Figs. 8, 9, 10. 
Fig. 15. Daphenus felinus, sp. nov. Lower end of humerus, front view. 

Fig. 16. oe s cc «Proximal end of radius ; same individual. 

Fig. 17. a ss ce“ Metacarpals i-iv of left manus ; same specimen. 
Fig. 18, Daphenus vetus Leidy. Right femur, front view; same specimen as Fig. 14. 
Fig. 19. Daphenus hartshornianus Cope. Lower half of right tibia and fibula. 


Fig. 20. ee a Distal ends of same. 
Fig. 21. OY v4 < Right pes ; same individual. 
Big. 2lia.* “< m Ne iii digit, from tibial side ; same individual. 


Fig. 22. Daphenus vetus Leidy. Left caleaneum and astragalus ; same specimen as Fig. 14. 
Fig. 23. Cynodictis gregarius Cope. Left manus, front view. 
Fig. 24. ee iP oe Left pes, front view. (Specimens seen since this plate was drawn show that the 
metatarsals should have been made considerably longer.) 
(All figures natural size.) 
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ARTICLE IX, 


CONTRIBUTIONS TO A REVISION OF THE NORTH AMERICAN BEAVERS, 
OTTERS AND FISHERS. 


(Plates XXI-XXYV.) 


BY SAMUEL N. RHOADS. 


Read before the American Philosophical Society, May 6, 1898. 


An unusually fine series of the skins and skulls, with reliable data and measure- 
ments, of the beavers, otters and fishers. of the United States and Canada having lately 
come into the custody of the writer, it is thought advisable to publish the results of a 
study of the various nominal forms of these mammals and briefly discuss the nomencla- 
ture involved. Owing to a lack of specimens from some regions whose faunal condi- 
tions are known to produce in many other mammals well-recognized geographic varia- 
tions, this paper must be considered rather as a contribution to the subject, and in no 
sense a complete synopsis. The area covered by this study comprises solely that part of 
North America north of Mexico, no attempt being made to discuss the relationships of 
the tropical species. 

To Mr. Outram Bangs the author acknowledges his gratitude for a most valuable 
loan of skins and skulls of nearly every species and race recorded in these pages. To 
the kindness of Mr. F. W. True, of the National Museum, is due the loan of a series of 
skulls of the Alaskan otter. 

The North Carolina Department of Agriculture has courteously loaned two skins 
and four skulls of beavers recently killed in Stokes county of that State through the 
kind offices of Mr. H. H. Brimley, the Curator of the State Museum. 

Aid has likewise been generously given by Dr. J. A. Allen, Dr. C. Hart Merriam, 
Dr. T, S. Palmer, Mr. Gerrit S. Miller, Jr., Dr. M. W. Raub and Mr. C. 8. Brimley. 


THE BEAVERS OF NORTH AMERICA. 


Contrary to evidence which must eventually be accepted by all zodlogists, the Ameri- 
can beaver, Castor canadensis Kuhl, is still considered by many eminent authorities as 
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specifically the same as the Castor fiber Linnzeus of Europe. In 1897, Dr. E. A. Mearns 
described®* a subspecies of the typical Canadian animal, naming it Castor canadensis 
frondator and assigning its habitat to the “southern interior area of North America, 
ranging north from Mexico to Wyoming and Montana.” This appears to be the first 
attempt in literature to formally subdivide the American beaver, a species whose con- 
stancy of characters over the vast and varied habitat which it frequents had hitherto been 
unquestioned. There can be no doubt as to the tenability of Dr. Mearns’ “ Broad-tailed 
Beaver ” as distinguished from the Hudson bay animal, whose habitat Kuhl designated 
as “ad fretum Hudsoni” in his original description of canadensis. 

It is probable that the beayers inhabiting the Carolinas, Georgia, Alabama, Missis- 
sippi and Tennessee are equally entitled to subspecific rank. So rare has the beaver 
become in these States, however, it would probably be impossible to verify such a predic- 
tion with specimens now in our museums.} 

From what we know of the relationships of the representatives of our eastern species 
inhabiting the Pacific slope, we are led to expect that the beaver of that region would 
also prove separable from canadensis. A very complete series of skulls, with three adult 
and three young skins from the Cascades of Washington and Oregon, shows this to be 
the case. 

Fortunately the synonymy of the American beaver is not involved and requires no 
elucidation in this connection, as is shown by reference to Dr. J. A. Allen’s Monograph 
of the North American Rodentia. A synopsis of the American forms is herewith pre- 


sented. 
CANADIAN Braver. Castor canadensis Kuhl. 


Plate X XI; Fig.’3. Plate XXII; Fig. 3. 


Castor canadensis Kuhl, Beitr. Zool., 1820, p. 64. 

2“ Castor americanus F, Cuvier, Hist. des Mam. du. Mus., 1825” (fide Brandt in Kennt. 
Stugt. Russl., 1855, p. 64). 

Castor fiber americanus Richardson, Faun. Bor. Amer., I, 1829, p. 105. 

Castor fiber var. canadensis J. A. Allen, Monog. N. Amer. Rod., 1877, p. 444. 


Type Locality.—Hudson bay (“ad fretum Hudsoni” Kuhl). 

Geographic Distribution —Northeastern North America, from the northern limit of 
trees south to the United States and west to the Cascade mountains ; intergrading east 
of the Mississippi river into subspecies carolinensis, south-centrally into subspecies fron- 
dator and westwardly into subspecies pacificus. 


* Proc. Nat. Mus., Vol. XX (adv. sheet, March 5, 1897). 


TAs will be seen later, such specimens have since come to hand and are described as Castor canadensis carolinensis, 
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Color.*—Winter pelage, above, including sides, dark bay or blackish brown, tip- 
ped with chestnut or russet, becoming pure chestnut on top and sides of head and on 
chin, jaws and sides of neck. Rump and thighs purer chestnut. Ears black. Hair of 
feet, legs and under parts seal brown. 

Anatomical Characters.—Size, smallest of the American forms. Scaly portion of 
tail more than twice as long as wide; hind foot with claw about 175 mm. Skull wide 
for its length ; maximum size of skull 136 by 99 mm. ina New Brunswick example, No. 
31, collection of E. A. and O. Bangs. Rostrum and nasals relatively short and wide, 
the nasal bones averaging more than half as wide as long and extending but little 
behind the premaxillaries. Upper molar dentition wide and heavy, the crowns oblique, 
triangular and very wide anteriorly. 

Measurements.—Of a large, typical, adult male specimen from Quebec, No. 3825, 
collection of E. A. and O. Bangs (measurements made by collector from newly killed 
specimen). Total length, 1130 mm.; tail vertebree, 410 mm.; scaly portion of tail 
(dry meas. from skin), 263 by 122 mm.; hind foot, 176 mm.; length of skull, 
1532 mm.; breadth of skull, 95 mm.; length of nasal bones, 46 mm.; breadth of nasals, 
21.4 mm.+ 


Remarks. 


The above diagnosis is taken mainly from the Quebec specimen, because 
of the authentic measurements and superior condition of the skin and pelt. The aver- 
age beaver from the Hudson bay regions, however, is somewhat lighter colored than this 
specimen, which, in its darkness and richness of shade, rivals the best examples of paci- 
ficus. In size, and ratio of length to width, the skull of the Quebec specimen is typical, 
but the nasals are too narrow to serve as a standard for canadensis, whose nasals average 
wider than pacificus and narrower than frondator. ‘In general terms, canadensis differs 
from frondator in smaller size, narrower tail, much darker coloration and narrower nasals. 
It differs from carolinensis in smaller size, narrower, longer nasals and somewhat darker 
coloration. From pacificus it differs in smaller size, lighter coloration, wider nasals and 
broader skull. Subspecies pacificus differs from frondator in larger size, greatly nar- 
rowed and lengthened tail-paddle, rostrum and nasals, and in its dark coloration. In 
color frondator is decisively and uniformly lighter than eastern canadensis and carolinen- 
sis and western pacificus, but darkened canadensis (not melanistic) are nearly as dark as 
pacificus. In size, pacificus is much the longest of the three, with very long hind foot 
and tail. Its skeleton is slenderer and weaker in every part as compared with the massive 
frame of canadensis and frondator of same age. Cuarolinensis is nearly of the color of 
* Ridgway’s Nomenclature of Colors is the standard used throughout this paper. 


+ The narrow nasals of this specimen are an exception, the average of several east Canadian specimens showing the 
ratio of length to breadth as less than two to one. 
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lighter hued canadensis, but agrees with all the other characters of frondator, to which 
it seems most nearly allied in cranial and caudal characters. 

Specimens Examined—New Brunswick, 1 skull; Quebec, 1 skin with skull ; 
Canada (?), 3 skulls, 1 skeleton, 2 mounted skins; Ft. Simpson, N. W. T., 1 mounted 
skin; Idaho, 1 skin with skull. 


CAROLINIAN BEAVER. Castor canadensis carolinensis, subsp. Noy. 
Plate XXIII; Figs. 1 and 2. 


Type Locality.—Dan river, near Danbury, Stokes county, North Carolina. Type 
No. z.607, old ad. %, in the collection of the North Carolina State Museum, Raleigh, 
N.C. Collected by a trapper in flesh for the Museum, April, 1897. 

Geographic Distribution.—Carolinian fauna, south into the Austroriparian. 

Color.—Of type and topotype: Overhair of upper head, neck, back and sides, 
bright hazel. Underfur of same parts, seal brown. Hinder back and rump lightening 
from hazel to cinnamon rufous and then to tawny olive near base of tail. Vent and 
under base of tail, dark, rich burnt umber. Ears pale blackish. Sides of head below 
eyes light hair brown, shaded with pale cinnamon rufous. Feet bistre. Below, from 
throat to vent, dark broccoli brown with wood-brown tips to overhair. 

Anatomical Characters.—Size large, larger than canadensis, with relatively much 
broader tail, as in frondator. 

Skull large and broad, with very short, broad nasals. In the type the base of 
nasals does not reach back to the line connecting the anterior walls of the orbits. Ros- 
trum very short and broad. Audital bulle remarkably contracted laterally, with a 
strongly developed osseous column on the outer wall and the transverse diameter less 
than the longitudinal. Incisors weak, narrowed; molars large, with triangular crowns.. 
Pelage short and harsh as compared with canadensis. 

Measurements. —Of the type, from carcass: Total length, 1130 mm.; scaly portion of 
tail, 279 by 158 mm.; hind foot, 184 mm.; ear, from crown, 21 mm.; length of skull, 
148 mm.; breadth of skull, 107 mm.; length of nasals, 43.5 mm.; breadth of nasals, 29 
mm. Of the topotype (ad. 3): Total length, 1080 mm. ; scaly portion of tail, 260 by 146 
mm.; hind foot, 174 mm.; ear from crown, 23 mm. 

Kemarks.—The two skins and four skulls upon which the aboye diagnosis of caroli- 
nensis is based were secured, Just before the completion of this paper, from the authorities of 
the State Museum of North Carolina. They are intended to form a group exhibit in the 
State Museum, and have been carefully measured by the curator, Mr. H. H. Brimley, 
while yet in the flesh. The old male which forms the type had lost one of its fore feet, 
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apparently in a trap, some years previous to its final capture, but its evident health and 
great size show that it had suffered little inconvenience from the loss of the member. 

The strong cranial and caudal affinities which this beaver shows to frondator as dis- 
tinguished from canadensis indicate that it is more closely related to the western form. 
In color, however, it shows a nearer approach to canadensis, as, in fact, do many other 
animals of similar distribution and racial differences. The Mississippi and Louisiana 
beavers are undoubtedly, from what I can hear from the furriers, the darkest and thin- 
nest pelted of our American beavers, but their separability from what I have named 
carolinensis is not probable. They may be considered as belonging to carolinensis rather 
than to frondator. 

Specimens Examined.—Stokes county, North Carolina, 4. 


Sonoran Braver. Castor canadensis frondator Mearns. 


Eitens wl ebign 2. LE late XXIT:s Hig’ 2. 
Castor canadensis frondator Mearns, Proc. U. S. Nat. Mus., XX, ady. sheet, Mar. 5, 1897. 


Type Locahty.—San Pedro river, Sonora, Mexico, near monument No. 98, of the 
Mexican boundary line. 

Geographic Distribution—Southern interior of North America from Mexico to 
Wyoming and Montana, intergrading northwardly into canadensis, southeastwardly into 
the trans-Mississippian carolinensis and westwardly into pacificus. 

Color.—Much paler than canadensis or carolinensis. ‘“ Above russet, changing to 
chocolate on the caudal peduncle above and to burnt sienna on the feet; toes reddish 
chocolate. Below grayish cinnamon, brightening to ferruginous on the under side of 
caudal peduncle. Sides wood brown enlivened by the tawny-olive color of the over- 
hair.”* A specimen from Red Lodge, Montana (No. 32, collection of E. A. and O. 
Bangs), taken in November, is wood brown above and below, the longer overhair of 
upper pelage washed with pale rusty. 

Anatomical Characters.—Size large, exceeding average of Hudson bay beaver, with 
a longer foot and broad tail. Scaly portion of tail less than twice as long as wide, hind 
foot with claw about 185 mm. Skull massive, large, with short rostrum and very wide, 
short, tumid nasal bones, the average skull probably exceeding canadensis in size, cer- 
tainly exceeding it in relative width to length and in the relative breadth of the nasals. 
Upper molar dentition as in canadensis. 

Measurements.—Of the type: Total length, 1070 mm.; tail vertebrae from anus, 360 
mm.; scaly portion of tail, 290 by 125 mm.; hind foot, 185 mm.; length of skull, 1383 


* Quoted from Dr. Mearns’ original description (/. c.) of type. 
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mm.; breadth of skull, 99 mm. Maximum length of old males, measured by Dr. 
Mearns, 1130 mm.; of the tail paddle, 285 by 155 mm. 

Remarks.—Dr. Mearns’ comparisons of frondator with canadensis were evidently 
not made with the largest specimens of the latter, as I have examined some whose cra- 
nial and body measurements are about equal to the maximum recorded by him for 
frondator. Nevertheless, there is little doubt that the larger size of average frondator is 
well established. Its long hind foot, broad tail and light coloration distinguish it 
immediately from canadensis. Its approach to pacificus is solely along the line of great 
size as indicated by the length of body and hind foot, but in cranial characters, as also 
in color, it is farthest removed from that race. The close anatomical relation of frondator 
to carolinensis has been mentioned. 


Specimens Examined.—Montana, 1 skin with skull; Wyoming, 1 skull. 


Pactric Braver. Castor canadensis pacificus, subsp. nov. 
Plate XXI; Fig, 1. Plate XXII; Hig. 1, 


Type Locality—Lake Kichelos, Kittitass county, Washington ; altitude about 8000 
feet. Type, No. 1077, ad. 2, in the collection of 8. N. Rhoads; collected m April, 
1895, by Allan Rupert. 

Geographic Distribution.—Pacific slope, of America, from Alaska to California. 

Color—Above with very uniform, dark and glossy reddish chestnut overhair, 
almost concealing along dorsum the seal-brown underfur. Top of head like back ; sides 
of head, throat, rump, thighs and vent not decidedly lighter than back and belly as in 
the other forms, these parts paling to walnut brown. Overhair of sides and under parts, 
between seal brown and broccoli brown ; under fur of belly drab gray at the roots ; hind 
feet dark seal brown ; fore feet.and limbs, dark wood brown. Ears black. 

Anatomical Characters.—Size, largest of the canadensis group, but of more slender 
build, the skeleton throughout being of much greater longitudinal and lesser lateral 
dimensions than in the other forras. Tail and hind foot relatively long. Skull large, 
relatively narrow, with long, narrow rostrum and _nasals, the latter with outer margins 
nearly parallel and reaching basally decidedly beyond the premaxillaries. Upper molar 
dentition weak, the crowns of molar teeth rectangular. 

Measurements.—Of the type from carcass: Total length, 1143 mm.; tail vertebrae, 
330 mm.; (from relaxed skin) scaly portion of tail, 295 mm. by 122 mm.; hind foot, 185 
mm.; length of skull, 142 mm.; breadth of skull, 101 mm.; length of nasals, 53.6 mm.; 
breadth of nasals, 24 mm.; average length and breadth of five skulls from Tacoma and 


Lake Kichelos, Washington, 144 mm. by 99 mm.; average nasal length and breadth of 
same, 54 mm. by 23 mm. 
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Remarks.—Reliable measurements of only one adult skin specimen (the type) of 
pacificus were accessible. An adult mounted specimen from Josephine county, Oregon, 
in the Wagner Institute, Philadelphia, confirms the color and measurements of the type 
so far as the latter can be ascertained from the stuffed animal. 

Pacificus, like its associates, Mustela americana caurina and M. canadensis pacifica 
of the Pacific slope regions, is distinguishable by its rich and deep coloration from its 
darkest trans-Cascadian representatives. No specimens have come to hand from Alaska, 
but undoubtedly, from what we know of other species found there as well as from the 
accounts of trappers and furriers, the Alaskan coast beaver represents the maximum of 
size* and the greatest richness and depth of fur coloration seen in American beavers. 

Specimens Examined.—Washington, Tacoma, 1 skeleton, 1 skull; Lake Kichelos, 
1 adult skin with skull, 3 young skins with skulls, 1 skeleton, 12 separate skulls ; Ore- 
gon, Josephine county, 2 mounted specimens ; British Columbia, (?) Sumas, 1 skull; + 
Victoria, 1 skull. 


THE OTTERS OF NORTH AMERICA. 


As Mr. Oldfield Thomas has shown in his “ Preliminary Notes on the Species of 
Otter,” published in 1889 in the Proceedings of the London Zoblogical Socrety, the charac- 
ters and nomenclature of the North American species are in great need of study. Dr. 
Elliot Coues has elucidated with sufficient clearness, in his Monograph of the Mustelide, 
the habits and characters, and, to some extent, the synonymy of the typical Canadian 
otter, Lutra hudsonica Lacépide. Its relations, however, to other nominal species, 
especially to the otters ot the Pacific slope of America from California northward, 
demand investigation. 

As in the case of the American beaver, just treated, this paper has to do solely with 
one central Canadian type and its subspecies found in America north of Mexican terri- 
tory. 

Avoiding a general preliminary discussion of the rather perplexing questions of 
nomenclature and geographic variations and distribution, I will present these in order in 
the more formal and detailed synopses which follow. 


* Dr. Allen’s measurements of Alaskan skulls, page 447 of the Monograph of N. A. Rodentia, do not indicate 
unusual size, but as we have no precise locality given they may not have come from the coast region, and, therefore; do not 
represent pacificus. ; 

{ Thisskull (No, 5545, 3, coll. of E. A. and O. Bangs) is the largest of-which I find any record, measuring 154 by 
108mm. The next in size is No. 2146, U. 8. Nat. Mus., from Nebraska, recorded by Baird.’ Its size was 147 by 105.5 
mm. Unlike all my pacificus specimens, No. 5545 has very wide convex nasals. 
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Hupsonran Orrer. Lutra hudsonica (“ Lacépéde,” Desmarest). 


Plate XXIV ; Figes1 and®2; 


Mustela lutra Linn., canadensis Schreber, Séugt., II, Pl. CX XVI, B. (dated 1778 on 
title-page, but, according to Sherborn, the text of Vol. III was published in 1777 
and this plate in 1776). 

Mustela (lutra) canadensis Kerr, Linn. An. Kingd., I, 1792, p. 173 (see Thomas, Proc. 
Zool. Soc. Lond., 1889, p. 197, and Allen, Bull. Amer. Mus. N. Mist., VIL, 1895, 
p. 188). 

“ Mustela hudsonica Lacép.[éde],” Desmarest, Nouv. Dict. d Hist. Nat., XIII, 1803, p. 
384; (Now. Hd.) 1817, p. 219. 

Lutra canadensis J. Sabine, App. Frankl. Jour., 1823, p. 653, and of nearly all subse- 
quent authors (not L. canadensis F. Cuvier, Dict. Sci. Nat., 1823, p. 242; see O. 
Thomas, /. ¢., p. 197). 

Lutra hudsonica F. Cuvier, Suppl. Buff., I, 1831, p. 194; Merriam, V. Amer. Fauna, 
No.1 0, 189) p82, 

Lataxina mollis Gray, List Mamm, Brit. Mus., 1848, p. 70. 

Intra destructor Barnston, Canad. Nat. and Geolog., VIII, 1863, p. 147, Figs. 1 to 6. 


Type Locahty.— Ou la trouve au Canada sur les bords de la mer.” 

Geographic Distribution—Northern North America from the Arctic ocean south- 
ward into the United States and from the Atlantic ocean to the Cascade mountains ; 
intergrading southeastwardly into subspecies latazina F. Cuvier and vaga Bangs, south- 
centrally into subspecies sorone Rhoads, and westwardly into subspecies pacifica Rhoads.* 

Color (taken from two specimens in the Bangs collection, No. 5638, yg. ad. 3, 
Annapolis, Nova Scotia, November 23, 1896, and No. 4190, ad. 2, Upton, Me., Octo- 
ber 25, 1895).—Above, dark seal brown from nose to tip of tail, darkest posteriorly, 
below from breast to tail between broccoli and yandyke brown in the Nova Scotia speci- 
men and between seal and yandyke brown in the Maine specimen. Head and neck 
below a line running from nose to lower base of ear and base of foreleg light Isabella 
color anteriorly darkening on lower neck to wood brown in the Nova Scotia animal. In 
the Maine specimen the neck is Prout’s brown. Feet, legs and tail corresponding to 
darker shades of upper and lower body. A summer specimen from New Brunswick 
is dark, yandyke brown, but little paler below than on back, and darker than winter 
specimens of lataxina from Maryland. 


* The otters of Louisiana and Mississippi are stated by furriers to be very dark and light-pelted, resembling South 
Florida and Gulf-coast skins. No specimens having been examined, they are referred to vaya. 
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Anatomical Characters.*—Size, medium (exceeded by vaga, sonora and pacifica). 
Tail relatively short. Inferior webs of feet and interspace between posterior and ante- 
rior callosities of manus, densely haired. Hind foot with claw about 125 mm. in old 
adults ; but so variable as to have little diagnostic value. Total length rarely exceeding 
1100 mm. Skull—size, medium (greatly exceeded by vaga and pacifica). ‘Teeth large, 
crowded longitudinally upon each other and obliquely overlapping. Postorbital neck 
of frontals relatively short and wide, its superior ridge on a plane with nasals and occi- 
pital crest. Mastoid width much less than zygomatic width. Postorbital processes short 
and stout. Audital bulle large, tumid, rising abruptly from the sides of basioccipital. 

Measurements.—See tables. 

Remarks.—YV ariations in the size of adult otters from apparently the same region 
seem remarkable at first sight, but I find that these are not always to be attributed to sex 
(for the female otter sometimes reaches near to the average size of the males), but to 
environment. The otters of the Alleghany mountain streams are uniformly smaller 
than those of the tide-water creeks and rivers of the Atlantic seaboard. This rule 
applies from Labrador to Florida and is undoubtedly the result of the relative difficulty 
of obtaining food and securing shelter from enemies in the two kinds of habitat. On 
the other hand, this difference lies wholly within the limitations of individual variation 
and in no sense affects the well-defined cranial and other characters which distinguish 
the races and species hereafter defined. It has to do solely with size, not with propor- 
tions. In a letter from Mr. C. 8. Brimley, of Raleigh, North Carolina, the same feature 
is alluded to where he states: “ A trapper of our acquaintance says that otters from the 
saltmarshes of eastern North Carolina average considerably larger than the otters of the 
small streams of the central part of the State.” 

There is rarely to be found a case in mammalian nomenclature more puzzling than 
that of the first tenable name of the Hudsonian otter. Its synonymy involves that of 
the mink and the fisher as well as the questions of priority of publication of Erxleben’s 
and Schreber’s great works on the Mammalia, and the tenability of plate names. I have 
consulted Drs. C. H. Merriam and T. 8. Palmer at length on these questions and have 
accepted their ruling as to the first tenable name of the Hudsonian otter being Lutra 
hudsonica Lacépéde and that of the northeastern mink to be Putorius vison Schreber. 
In regard to the name of the fisher, however, I prefer to abide by Canon XLIII of the 
Code of the American Ornithologists’ Union, which accepts, under certain conditions, 
the names of species originally published on plates, which Drs. Merriam and Palmer 
and Mr. Sherborn do not accept. Returning now to the abstract of synonymy as given 
above for the Hudsonian otter, the case may be concisely stated thus: Mustela lutra 


* The diagnostic value of the nose pad has no significance in this study of the relationships of a monotypic group. — 
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canadensis Schreber is a plate name published (fide Sherborn) in 1776, and is the ear- 
liest applied to this otter. It would stand (A. O. U., Canon XLIII) were it not unques- 
tionably applied and intended by Schreber merely as a geographic name without refer- 
ence to its specific relations to “ Mustela lutra Linn.” For this reason alone it should be 
discarded. Furthermore, the name Mustela canadensis was used by Schreber on a pre- 
vious plate in the same volume (Pl. No. 126) in the specific sense for the fisher. This 
plate was also (fide Sherborn) published in 1776, one year before the text, which was. 
published in 1777, and the bound volume of text and plates were dated 1778. In 1777, 
Erxleben published a description of the fisher and named it Mustela pennantn, by which 
name it has been since designated by authors generally. As this name is antedated by 
the tenable plate-name Mustela canadensis of Schreber by one year, I adopt it as the 
name of the fisher of Pennant from the northeastern United States. Erxleben pub- 
lished in the same work a description of an animal which he named Mustela canadensis, 
and which Baird and Coues have considered applicable to the mink, and the accept- 
ance of the dates on the title-pages of Schreber’s (1778) and Erxleben’s (1777) works 
would give priority to Erxleben’s name and displace Mustela vison of Schreber. But 
Sherborn’s emendation of these dates makes M. canadensis of Erxleben for the mink 
untenable, it being preoccupied by Schreber’s plate-name J/. canadensis for the fisher, 
as stated above. Besides this fact, Dr. Merriam considers that Erxleben’s description of 
M. canadensis also applies to the fisher and the marten in such a way as to make it 
untenable for any species. 

Returning to the search for a first name for the otter, we find Kerr’s name, J/. cana- 
densis of 1792, to be unavailable because he placed it under the old genus Mustela. Next 
in order appears to be the name hudsonica, which is accredited to Lacépéde, in an article 
on the Canadian otter in the first edition of the Nowvelle Dictionaire d Histoire Natur- - 
elles, which is signed ‘‘Desm.” I have not examined this reference personally, but am 
indebted to Dr. J. A. Allen for a transcript of these facts from the only known copy of 
the work in America which appears to be available, belonging to the library of the 
American Museum of Natural History. In agreement with my previous rendering of 
manuscript names, and on the supposition that Desmarest was the real author and pub- 
lisher of this name and description of hudsonica, I cite it as Lutra hudsonica (“ Lacé- 
pede,” Desmarest). I agree with Dr. Merriam that this name should stand for the otter 
of eastern Canada. Frederick Cuvier seems to have been the first to place this animal 
in the genus Lutra under the Lacépéde-Desmarest name hudsonica in 1831. 

The Lataxina mollis of Gray and the Lutra destructor of Barnston are no doubt 


synonyms of hudsonica. 


Specimens Examined.—Labrador, Okak, 1 skull; Grand river, 1 skull ; New 
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Brunswick, Restigouche river, 1 skin; Nova Scotia, Annapolis, 1 skin with skull; 
Maine, Upton, 1 skin with skull; Bucksport, 1 skull; Massachusetts, Kingston, 1 skin 
with skull; Westford, 1 skull; Canton, 1 skull; Missouri, 1 skull; British Columbia, 
Vernon, 1 skull; Alaska, Tanana river, 1 skull. 


CaRoLinian Otter. Lutra hudsonica lataxina (F. Cuvier). 
Plates X XLV; Hig. 4. 
Lutra lataxina F. Cuvier, Dict. des Sci. Nat., 1823, p. 242. 


Type Locality—South Carolina. 

Geographic Distribution —Carolinian faunal region, intergrading through the Tran- 
sition region northward with hudsonica and southward through the Austrariparian into 
vaga of southern Florida. 

Color.—Much lighter than hudsonica. Above (from a specimen taken at Liberty 
Hill, Conn., No. 4252, ad. 3, Nov. 19, 1895, collection of E. A. and O. Bangs*), dark 
vandyke brown, tipped on upper head, neck and shoulders with wood brown, darkening 
posteriorly. Upper feet and limbs dark bistre. Below, from lower breast to end of. tail, 
between Prout’s brown and broccoli brown. Head, neck and breast, including ears, 
below a line connecting nose, upper eyelid, upper ear and upper base of fore leg, grayish 
wood brown, lightest on head, darkening posteriorly to color (/. c.) of breast. The aver- 
age Carolinian winter specimens from Maryland southward are somewhat lighter and 
some are Prout’s brown above, the wood brown of lower head and neck becoming a pale 
grayish buff. 

Anatomical Characters.—Size, smallest of the hudsonica subspecies. Inferior webs 
of feet and interspace between callosities of manus, sparsely haired. Hind foot with 
claw about 120 mm. ‘Total length rarely exceeding 1100 mm. Skull relatively small, 
with very large teeth, and weak postorbital processes. In other respects like the hud- 
sonica type. 

Measurements.—See tables. 

Remarks.—The relations of this subspecies to northern hudsonica on the one hand 
and to the southern vaga on the other are rather peculiar. It is without question a 
nearer ally to hudsomica than vaga in the territory between Connecticut and South Caro- 
lina, but, as Mr. Bangs has implied in his remarks on vaga, there is a tendency in the 
Georgia (and we may infer in the South Carolina) otter to the large size and peculiar 


+ 


* This specimen comes from the northern edge of the Carolinian region. No equally good skins from more southern 
localities being available, it is used as typical of the Carolinian race. It corresponds closely to two fine 1897-8 winter 
pelts of Maryland otters, examined through the courtesy of Mr. 8. E. Shoyer, of Philadelphia. 
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skull and color characters of the south Florida animal. There is so much evidence of 
the intergradation of latavina both north and south that the specific separation of vaga 
from it is not permissible. On the other hand it is impossible to ignore the decided 
racial differences of the Carolinian otter from the Hudsonian type. 

Cuvier’s original description of dataxina gives “Caroline du Sud” as the locality 
where the type was taken ; it is, therefore, permissible to restrict this name to the Caro- 
linian form as typified in the otters found in the Carolinian lowlands of the eastern 
United States from south of the “Transition Zone” of Dr. C. Hart Merriam, as far 
as middle South Carolina, Alabama and Mississippi, where it merges into vaga of the 
Gulf or southern “ Austroriparian Realm ” of Dr. J. A. Allen. 

I know of no restricted synonyms of Jataxina. Dr. Coues quotes in his Pur-bear- 
ing Animals a“ Latax lataxina Gray, Ann. Mag. N. H., 1, 1837, p. 119.” The work 
referred to contains no such name. Cuvier’s description of /ataxina gives its color as 
“dark blackish brown, a little paler beneath. Cheeks, temples, lips, chin and throat 
pale brownish gray, and under side of tail grayish brown, the hair tips reddish.” He 
compares the skull of dataxina with his Lutra enudris, “ Loutre de Guianze ” of the pre- 
ceding page and remarks on the “straight line, even concave or depressed,” joining the 
nasals and occiput. This is significant, as one of the peculiarities separating vaga from 
lataxina and hudsonica is the convexity of the frontal plane in the former. 

Specimens Examined.—Connecticut, Liberty Hill, 1 skin with skull; Pennsylva- 
nia, Clinton county, 2 mounted specimens; Monroe county, 3 skulls; New Jersey, + 
Tuckerton, 1 skull; Mickleton, 2 disarticulated skeletons ; eae 2 fresh cased 
winter furs; North Carolina, Raleigh, 2 skulls. 


Frorma Orrer. Lutra hudsonica vaga Bangs. ; F 


Plate XXV; Fig. 2. 
Lutra hudsonica vaga Bangs, Proc. Bos. Soc. Nat. Hist., XXVIII, 1898, Bs eat Pail 


Type Locality——Micco, Brevard county, Florida. , 
Geographic Distribution. Florida, southeastern Georgia peat 
Alabama, paints an) ae Bee 
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Anatomical Characters.—Size, large. Tail relatively long (fide Bangs). Inferior 
webs of feet and interspace of palms nearly naked. Hind foot with claw reaching 
maximum (No. 4998 Bangs Coll., yg. ad. 3, Citronelle, Florida) of 1830 mm. Total 
length (maximum of No. 4998, /. ¢., 1285 mm.) exceeding 1200 mm. Skull large, 
teeth relatively small, not crowded longitudinally. Postorbital neck of frontals long and 
narrow, suddenly constricted at base. Frontal plane strongly upraised above a line con- 
necting occipital crest with base of nasals and above the level of postorbital processes. 
Mastoid width nearly equaling the zygomatic width in very old specimens, in young adult 


_ skulls the mastoid width is the greater. Wings of mastoid processes strongly developed 


and flattened laterally. Audital bulle as in hudsonica and lataxina ; well developed, 
tumid at basioccipital margins. Postorbital processes relatively weak and _ slender. 
Underfur short, sparse. 

Measurements.—See tables. . 

Remarks.—This subspecies just described by Mr. Bangs in his most valuable 
-paper on Florida and Georgia mammals is, as already noticed, quite different from 
lataxina, its nearest geographic ally. In color it comes nearer hudsonica intermediates 
from New England. In size and color and lack of hair on the webs and palms it shows 
approach to the remote pacifica, but its peculiar long-waisted and broad-based skull dis- 
tinguishes it from all other American forms except, perhaps, those of the northern Cen- 
tral American and South American otters which I have examined. The yellowish 
and reddish shades of south Florida vaga suggest affinity with what we find published of 


_ the characters of the otters of the Caribbean coasts. In essential respects Mr. Bangs’ | 
diagnosis of this animal is very good. He, however, used the skull of a young adult 


male for cranial comparisons, and while it is true that the ratio of the mastoid to the 


_ zygomatic width is much greater in vaga than hudsonica it is not as great as would 


“appear by Mr. Bangs’ figure. In erania of-old adult vaga in my collection the mastoid 
and zygomatic widths are about equal, the latter slightly wider. In hadsonica, however, 


- “the excess of zygomatic width and slight development of the mastoid wings is marked. 


_ Specimens Exanined.—Florida, Tarpon Springs, 1 adult pelt, 8 young skins with 
skulls and 2 extra pkolle; Salt Run, St. John’s river, 1 skull. 


_Pactrte Orrer. Lutra houdsonica pacifion subsp. nov. 


Trans ob een 
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Type Locality—Lake Kichelos, Kittitass county, Washington ; altitude about 8000 
feet. Type No. 616, yg. ad. 3, in the collection of S. N. Rhoads; collected in fall or 
winter* of 1892-93, by Allan Rupert. 

Geographic Distribution—Pacific slope of North America, from Alaska to Cali- 
fornia. 

Color.—Of type: Lighter than hudsonica, with a browner cast, approaching nearly 
to lataxina. Average of coast specimens from Puget Sound northward, ruddy seal 
brown, sometimes very dark in Alaskan coast specimens. Lower parts from breast to 
end of tail much lighter (Mars-brown) than back. Ventral region conspicuously lighter. 
Lower head, neck and breast very pale wood brown, almost dirty gray. 

Anatomical Characters.—Size, very large.t Tail normal. Inferior webs of feet 
and palmar interspaces nearly naked. Hind foot not recorded in type, the caleaneum 
missing ; no measurements of other specimens available. Skull largest of the North 
American otters (reaching a maximum of 119 mm. in occipito-nasal length and 83 mm. 
in zygomatic expanse in an Alaskan coast example) ; teeth relatively weak, less crowded 
longitudinally than in hudsonica. Interorbital width relatively very great, nearly 12 
times postorbital constriction ; postorbital processes long and stout. Mastoid and zygo- 
matic proportions as in hudsonica. Audital bullee remarkably flattened. 

Measurements.—See tables. 

Remarks.—The type specimen, though taken in the mountains and not fully mature, 
is large and has a skull which would have, perhaps, eventually equaled the maximum 
size recorded above for an Alaskan specimen of much greater age. A very old female 
skull from the vicinity of Puget Sound confirms fully the diagnostic characters of 
pacifica as given. | 

In treating of the otters of the Pacific slope of America we are confronted with - 
two nominal species to which they have been doubtfully referred by authors. In point 
of time the first to be considered is the Viverra aterrima of Pallas,t described from a 
hunter’s skin, lacking skull and feet, taken in northeast Siberia, “between the Uth 
and Amur rivers.” Schrenck and Middendorff listed this animal in their works on 
Siberian Zodlogy with the remark that they were unable to verify its existence or clear 
up the mystery of its strange characters as given by Pallas. Mr. Thomas (Pi Lass 
l. c., p- 199) queries, on the basis of a mistaken suggestion of Dr. Coues, whether it may 


* The season of capture was not recorded, but the pelt indicates that it was taken in full winter fur. 


{Ihave no measurements of Alaskan otters, but judging by the great size of the skulls from there they must 


greatly exceed any known species of Lutra. On the basis of the skull they must attain a maximum length of over 1400 
millimeters. 


t Zoog. Rosso. Asiat., 1. c. 
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not prove to be the same as the so-called Lutra paranensis Rengg. which he assumed 
might occur throughout the whole Pacific coast regions of America. The close relation- 
ship of our Pacific coast otters to hudsonica will effectually remove them from any com- 
plication with paranensis, but as regards aterrima we must devote sufficient space to show 
the impossibility of referring the Alaskan land otter to that animal, as Trouessart has 
lately done.* 

A careful study of Pallas’ original description, together with the fact that no later 
author or explorer has been able to explain or rediscover the animal, convinces me that 
it is either unidentifiable or will prove not to belong to the Lutrine but to the Musteline. 
Pallas states it to be intermediate in size between the European otter and the European 
mink. He states the length of the skin to be 19 inches, 3 lines, and of the tail 5 inches 
with a brush of 12 inches! The color of the animal is said to be very black and shin- 
ing, except the sides of the head between the eyes and ears, which change from black to 
“subrufescent.” The absurdity of applying such a description to the animal which I 
have named pacijica, or, indeed, to any member of the genus Lwéra, is certainly evident. 
So far as any animal now known to zoblogists is concerned, the Viverra aterrima of Pallas 
should be consigned to oblivion. 

Another name which has given trouble to those who had to deal with the Pacific 
coast otter is the Lutra californica of Gray. Fortunately, Mr. Thomas has effectually 
exposed the history and at the same time the inapplicability of that name to a North 
American animal of the hudsonica type. He has shown in his paper in the Proceedings 
of the Zoological Society (0. ¢., p. 198) that Gray’s type of californica did not come from 
California, but most likely from Patagonia, in which case he makes it a synonym of 
Lutra felina Molina. 

Specimens Examined.—Washington, near Tacoma, 3 skulls ; Lake Kichelos, 1 skin 
with skull, 1 skull; Oregon, 1 skull; British Columbia, Sumas, 1 skull; Alaska 
(coast?), 3 skulls; Kodiak Island, 2 skulls; Mission, 1 skull; Queraquinay Island, 1 
“skull. ‘ 
Sonoran Otter. Lutra hudsonica sonora, subsp. nov. 


Intra canadensis Mearns, Bull. Am. Mus. Nat. Hist., 11, 1891, pp. 253-256. 


Type Locahty.—Montezuma Well, Beaver creek, Yavapai county, Arizona. Type, 


ad. 9, No. %4)2 in the collection of the American Museum of Natural History. Col- 
lected December 26, 1886, by Dr. Edgar A. Mearns. : 


* Catalogus Mammalium, 1. c. = ; 
+ It is conjectured that this skull came from the North Pacific. It has Capt. T. J. Turner’s name on it. I cannot 


find an island of this name on the maps. 
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Geographic Distribution—Arid southern interior of North America, from Mexico, 
probably to Wyoming. 
Color.—Of type, fide Mearns, /. ¢.: “ Above dark brown, without reddish tinge ; this 
color changing gradually to a light grayish brown below, being palest (almost whitish) 
upon the sides of the head below the level of the eyes and upon the under side of the 
head and neck as far back as the fore limbs... . . The long hairs of the lighter por- 
tions of the body are pointed with yellowish gray and upon the upper surface of the 
head and neck the tips of the hairs are yellowish brown, giving a paler cast to that part 
of the dorsum.” 
Anatomical Characters.—Size, large, with a very long hind foot, the body length 
measurements exceeding those of any other specimen of North American otter exam- 
ined or recorded.* Webs of feet not densely haired beneath. Hind foot, 145 mm. Total 
length reaching 1300 mm. Skull—size, large, nearly as great as in largest Alaskan 
pacifica, but small for the great relative length of body, “less massive, broader, with 
more evenly rounded zygomatic arches and with the brain case more convex or bulging 
in its outlines.” - “ Arizona skulls differ from all others in the slender, attenuated postor- . 
bital processes and in the greater height of the lower jaw from angle to condyle, or to 
summit of coronoid process. From its geographically near neighbor, L. felina of Cen- “ 
tral America, it presents many cranial and dental differences; in fact, skulls of the lat- 
ter are so very distinct [in their inferior concavity, frontal depression, short muzzle, 
narrow postorbital constriction and absence of the heel in front of the antero-internal 
cusp of the last upper molar] from any known specimens from dus America, north of 
Mexico, as to be distinguishable from them at a glance.” 
Measurements.—Of type: “Total length, 1300 mm.; head and body (measured from. 
tip of nose to anus), 815 mm.; tail ee a from anus to end of vertebrie, 472 fs 
. . ear, height above crown, 15 mm.” No skull measurements given. 
eens, 5 Remarks.—I have accepted Dr. Mearns’ very full and satisfactory diagnosis of the 
. Arizona otter, given in the Bulletin of the American Museum of Natural History, as— 
conclusive evidence of the existence of a recognizable race in arid interior America, ‘ 
south of Montana. Its great size and. light color together form a 1 combination not me n di ae 7 c 
in any other known or named otter. : 24 | | 
_ It has been thought unnecessary to examine | e ty 
~ removal from Philadelphia during the com 
would have caused a greater risk to the t 
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NEWFOUNDLAND Otter. Lutra degener Bangs. 
Piate XXIV; Fig. 5. 
Jiutra degener Bangs, Proc. Biol. Soc. Wash., XII, 1898, p. 35. 


Type Locality — Bay St. George, Newfoundland. 

Geographic Distribution.—Confined to Newfoundland (?). 

Color.—Of type, ad. ¥, taken April 22, 1897: Above, black with seal brown reflec- 
tions. Ears, seal brown. Lower head and neck areas grayish wood brown, becoming 
seal brown on breast; the remainder of lower parts nearly as dark as back. Tail uni- 
color. Feet seal brown and densely haired on under side of webs and palmar interspaces. 

Anatomical C haracters.—Size, much smaller than any of the hudsonica group. 
Hind foot small, with claw averaging about 112 mm.* long in the two specimens exam- 
ined. Total length about 1000mm. Tail relatively short. Skull very small, narrowed, 
weak and fragile; the brain case wide anteriorly ; the frontal and interorbital widths 
narrow and the postorbital processes weak and slender, strongly grooved on their supe- 
rior face. Sagittal crest not developed even in old specimens. Interorbital constric- 
tion about equal to postorbital constriction. Teeth weak, with normal cuspidation. 
Audital bullee normal. 

Measurements.—See tables. 

Remarks.—The type specimens of degener, so generously loaned to me by Mr. 
Bangs, when compared with the large series used in the preparation of this paper, con- 
vince me that this depauperate insular form has no intercourse with the larger typical 
hudsonica of Labrador and New Brunswick. <A skull from Grand river, Labrador, shows 
no approach to the degener type, and another from Okak, Labrador, agrees in the same 
differences. A young adult skull and skin of hudsonica from Nova Scotia, and an adult 
summer skin from New Brunswick, show that the maritime otter of the mainland some- 
times attains a size nearly one-third larger than the largest known specimens of old, 
adult degener. 

Specemens Hxamined.—Newfoundland, Bay St. George, 2 skins with skulls, 1 extra 
skull. 

THE FISHERS OF NORTH AMERICA. 


Apology must be made for the inferior series of skins and skulls which form the 
basis of the subjoined remarks on the Pekan. They serve, however, to elucidate some 
* The collector’s measurement of the hind foot of type is given on label as ‘126 mm.’’ This is certainly incorrect, 


as the length determinable by feeling the caleaneum in the dry skin could not have exceeded 115 mm, This accords with 
the small size of the hind foot and the length of other specimens of degener, 
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questions sure to be soon brought up in the active advance of monographic work in 
American mammalogy. j 

The synonymy of Pennant’s Fisher has already been discussed under Lutra hud- 
sonica, and I haye there given reasons for my adoption of the plate-name canadensis of 
Schreber as haying priority over the long-aceepted name pennanti of Erxleben for 
this animal. 


Pennant’s Fisuer. Jlustela canadensis Schreber. 


Mustela canadensis Schreber, Saugt., U1, p. 492, Pl. CXXIV. Text published in 
1777, plate in 1776 (fide Sherborn). 

Mustela pennantii Erxleben, Syst. An., 1777, p. 470. 

Mustela melanorhyncha Boddaert, Elench. An., 1784, p. 88. 

Viverra piscator Shaw, Gen. Zodl., 1, 1800, p. 414. 

Mustela nigra Turton, ed. Linn. Syst. Nat., 1, 1802, p. 60. 

Mustela godmani Fischer, Syn. Mamm., 1829, p. 217. 


Type Locality—* New York and Pennsylvania,” Pennant. 

Geographic Distribution.—Northern North America, east of the Cascade moun- 
tains, from the northern limit of trees to Colorado and North Carolina in the mountains. 
Intergrading on the Pacific slope into subspecies pacifica, and probably in the southern 
Rocky mountain region into a paler race. Probably represented in the Hudsonian 
faunal region by a subspecies.* 

Color.—From an adult, male, winter specimen taken near Lancaster, Pa., March 
11, 1896, and in the possession of Dr. M. W. Raub, of that city, who furnished 
the description: “ Head and one-half of the length of body, gray and black mixed, gray 
predominating ; throat darkest, with snout from tip to line of eyes dark brown. ‘The * 
hinder half of body gradually darkens into a deep chocolate color until it reaches the 
tail, which is almost black with a tip entirely black. Hind legs and tail, viewed at a 
distance of six feet, look very dark, almost pure black. The fore legs are black but not 
so deep. ‘Tips of ears, darkest.” 

Two specimens from the Bangs collection, one from Moosehead lake, Maine, the 
other from Idaho county, Idaho, seem to answer closely the above description. The 
light upper and forward portions of body are a grizzled grayish brown, the long hairs 
black tipped. The basal half of hairs of anterior back are hair brown. I can discover 
no color characters to separate the Idaho specimen from the one from Maine, nor do the 
skulls indicate any reliable differences. The Maine skin (of an animal two-thirds grown) 


* Typical canadensis must be restricted to the Alleghenian form. 
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has white patches on lower fore leg, breast and vent, and an immature specimen of paci- 
jica has white spots on throat, arm-pits and vent. The four adult specimens examined 
are not thus pied. Dr. Coues, in his Fur-bearing Ammals, says that the fisher is an 
exception to the marten, mink and weasel in not haying these patches. They may dis- 
appear with age in the fisher, but they do not in the other species. 

Anatomical Characters.—Size, smaller than subspecies pacifica. Skull small; nasals 
relatively short, less elongate at basal apex. Posterior upper molar relatively small, its 
inner lobe not greatly developed longitudinally so as to only slightly exceed the breadth 
of outer lobe ; neck of crown of same tooth but slightly constricted. 

Measurements—Of Dr. Raub’s Pennsylvania specimen, old ad. 3, l. ¢.: Total 
length, from end of nose to end of tail hairs, 965 mm.; tail vertebree, 318 mm.; hind 
foot, 115 mm.; ear from crown, 27 mm. A mounted specimen, No. 507, Academy 
Natural Sciences, adult 3, from “ Pennsylvania,” has a total length of 1000 mm., with 
tail (minus brush), 390 mm., and hind foot, 112 mm., taken from the dry mount. The 
Idaho specimen, No. 6964, young adult 3, coll. of E. A. and O. Bangs, is 978 mm. long, 
with tail, 369 mm., and hind foot, 117 mm. Skull of No. 7487, yg. ad. 3, Greenville, 
Me., total length, 117 mm.; zygomatic width, 63 mm.; mastoid width, 54 mm.; mesial 
nasal length, 22 mm. 


Remarks.—The characters of the Pennsylvania fishers above enumerated, so far as 
they are based on reliable measurements and color diagnoses, may be considered as repre- 
senting typical canadensis, based on Pennant’s original notice of the animal. Whether 
a series of Alleghenian fishers will show the Hudsonian animal to be separable is an 
interesting question probably to be decided in the affirmative. The Idaho and Maine 
specimens examined, though not contrasted by me with Dr. Raub’s specimen, must be 
very close to it. No skulls of Pennsylvania fishers have been examined, but the close 
resemblance of the Idaho skull to those from Maine, as indeed to pacifica also, strongly 
indicates that no cranial differences exist between the east American fishers of the north 
and south. The “saturated” color characters of pacifica are alone sufficient to distin- 
guish it from all fishers found east of the Cascades. 


Specimens Examined.—Pennsylvania, 1 mounted specimen (jide Dr. Raub, 1 
mounted specimen) ; Maine, Mooseland lake, 1 skin with skull; Greenville, 2 skulls; 
Lincoln, 1 skull; Idaho, Idaho county, 1 skin with skull. Other specimens from east- 
ern North America, 1 mounted, 2 old ad. skulls. 


Paciric Fisoer. Mustela canadensis pacifica, subsp. nov. 


Type Locality.—Lake Kichelos, Kittitass county, Washington ; altitude about 8000 
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feet. Type, No. 1074, old ad. 9, in the collection of 8. N. Rhoads; collected in the fall 
or winter of 1892-93, by Allan Rupert.* 

Geographic Distribution.—Pacitic slope of America, from Alaska to California. 

Color—Above, from between eyes to middle back, grizzled, grayish ochraceous 
heavily lined with black, becoming hazel black on hind back and dark black on rump, 
thighs and tail. Whole head, behind eyes clove brown basally, strongly grizzled with 
dirty white. Snout to eyes blackish seal brown. Chin, throat, breast and belly between 
dark chestnut and hazel, obscured with black. Legs and feet black, the fore legs show- 
ing the vandyke brown bases of hairs. Basal half of hairs of anterior back are Prout’s 
brown as contrasted with the hair brown of canadensis. 

Anatomical Characters.—Size, large, skull very large, with relatively long nasals. 
Posterior upper molar large, with spreading inner lobe much wider longitudinally than 
outer section of same tooth; the crown suddenly constricted at the middle. 

Measurements—Of type from relaxed skin: Total length, 1090 mm.; tail, 350 
mm. without brush ; hind foot not determinable, as the bones are missing. Measure- 
ments of a specimen two-thirds grown, No. 295, coll. 8. N. Rhoads, from near Tacoma, 
Wash.: Total length (relaxed skin), 970 mm.; tail, 400 mm.; hind foot, 112 mm.; 
ear from crown, 21 mm. Skull of type: Total length from hinder end of sagittal crest 
to front end of premaxille, 125 mm.; zygomatic expansion, 73 mm.; mastoid expansion, 
54 mm.; interorbital constriction, 28.5 mm.; postorbital constriction, 20 mm.; mesial 
length of nasals, 27 mm. 

Remarks.—The dimensions of the type skull, when we consider it was from a 
female, show that the fishers of the Cascade mountains attain a much greater size than 
those of the Appalachian chain. Young adult skulls of the same age from western 
Washington and Maine show the same distinctions. The younger specimen from Tacoma, 
while approaching nearer to Idaho and Maine specimens in grayer color, is very much 
darker than they, the difference in shade between the anterior and posterior dorsal areas 
of the former being slight, while in the latter it is striking. The tawny suffusion so 
deeply marked in the type of pacifica and which separates it at a glance from canadensis 
is also noticeable in the Tacoma specimen. 

Specimens Examined.—Washington, Lake Kichelos, 1 skin with skull, 2 skulls ; 
near ‘Tacoma, 1 skin, 1 skull ; British Columbia, Sumas, 1 skull. 

* Mr. Rupert, whose business is hunting and trapping, first sent me the fresh skull of a very old Q fisher, which 
was entered in my catalogue as No. 621. I wrote him immediately that I would like to have the pelt belonging thereto, 


and in a later shipment the skin, which forms the type of pacifica, was sent on without Jabel. As it is also from a female 
and a very old animal, I consider the skin and skull as belonging to the same individual. 
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Skull Measurements of North American Otters (in millimeters) 


| Species. 


Vol- 


28 | | 
Collection. Fe Sex. | Locality. 
22 

E. A. and O. Bangs} 5638 | yg. ad. ¢\| Nova Scotia, Annapolis 

do. 7431 old ad. | Labrador, Okak 

Acad. N.Sci.Phila.) 3150 | old ad. | Labrador, Grand River 

Smithsonian Inst. | 21483) old ad. | Alaska, Tanana River 

E. A. and O. Bangs} 4238 | old ad. g‘| Maine, Bucksport 

do. 4188 old ad. ‘| Massachusetts, Canton 

Acad. N. Sci.Phila.| 3569 | old ad. | Pennsylvania, Monroe Co. 

S. N. Rhoads 1840 yg. ad. do. 
do. 1565 yg. ad. | New Jersey, Tuckerton 
do. 3896 yg. ad. | New Jersey, Mickleton 

E. A. and O. Bangs) 3537 | old ad. ¢'| North Carolina, Raleigh 

do. 3538 | yg. ad. 9 do. 
do. 5749 | yg. ad. 3) Florida, Micco 
do. 4995 ad. 2 Florida, Roseland 

WagnerlInst., Phila) —— ad. Florida, St. John’s Riv., 

usia Co. 

8. N. Rhoads 1580 | old ad. | Florida, Tarpon Springs 
do. | 616 | yg. ad. | Washington, L. Kichelos 
do. 303 | old ad. Q | Washington, near Tacoma 

Smithsonian Inst. | 8686 | oldad. | Alaska (coast ?) 

do. 8687 | old ad. do. 
do. 8688 old ad. do. 

E. A. and O. Bangs) 6965 | yg.?ad.j'| Newfoundland, Bay St. George 

do. 6966 | old ad. 2 do. 
do. | 3755 | yg. ad. 9 do. 


L. hudsonica (‘‘La- 
cép.,’’ Desm.) 


do. 
do. 
do. 
do. 
do. 
Lh. lataxina (F.Cuy.) 
do. 
| do. 


do. 
do. 


do. 
L. h. vaga Bangs 


do. 


do. 


do. 
L. h. pacifica Rhoads 
do. 


L. degener Bangs 
do. 
do. 


i= 


egeei2 (. 1a |g | og] 33 

duel w 12 | 8.) 8.) ag) BS 
Eu*s| g¢| 82/28) 38 | S2| ce Cee 
grec) 2° | 55) 55) Ge | as | ge 

SAo Ee 

113.5 | 72 | 68 | 27.7) 23 | 35 | 15 | Large, coast form. 

74.5| 67 1) 23:9 19 | 35 |) 13°5\'Coast forme 

105 | 72.5] 65 | 20.8] 20 | 29 | 10.5] Inland form. 

102 | 72 | 63.5 24 | 18 | 32 | 19.5] Inland form. 

109 | 73.5| 66 | 95.5| 21.5137 114 | Coastform. . 

112 76 | 69 26 22 | 38 | 15. | Intermediate. 

100 | 69.5 65 | 22.8! 20 | 31 | 13 | Inland interm., prob. 9. 
104.5| 68 | 61 | 21.5| 19 | 28.6 12 | Probably 3. 

104 | 70 | 63.5) 24.5] 23 | 33.5] 11 

107 | 70 | 63 | 28 12 

104 | 71 | 62 | 22 | 22 | 33 | 13.5 

103 | 65.5) 61 | 21.5] 21 | 30.5) 11 

108 71 | 71.2| 24 | 18.6, 35 | 16 | Type (fide Bangs). 
[101] | 70.3) 67 | 21.8) 17.8) 30 (fide Bangs.) 
105 | 72 | 67 | 24 | 22 | 34 | 182 

116 | 79 | 76.5| 27 | 20.5] 39.5] 20 

115.5 | 72.5! 69 | 25 | 20 | 36.5) 12 | Type. 

110.5| 77 | 70 | 29 | 215} 43 | 16 

113.5 | 74.5) '70.4| 27.3) 24 | 41 | 16 | Col. by Dr. T. T. Minor. 
119 | 83 | 76 | 84 |25 | 49 | 14 do. 

110 | 78 | 73 | 27 | 18 | 41.5] 15 do. 

101 | 66 | 60 | 22 | 19.5] 32.5] 11.5] Type. 

[98] | 70 | 63 | 22.8} 19.4) 33.6 Topotype (fide Bangs). 

93 | 64 | 56 | 19 | 18.8) 25.8) 10 | Topotype. 
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EXPLANATION OF PLATES. 
Plates XXI and XXII. 


(Scale slightly less than two-thirds natural size. ) 


Figs. land 1. Castor canadensis pacificus Rhoads. Topotype ; No. 1865, col. of S. N. Rhoads; old adult <3, from 


Lake Kichelos, Kittitass county, Wash. Superior and inferior, vertical aspects of same skull. 


Figs. 2and 2. Castor canadensis frondator Mearns. No. 32, col. of E. A. and O. Bangs ; young adult 2, from Red 


Lodge, Mont. Superior and inferior, vertical aspects of same skull. 


Figs. 3and 3. Castor canadensis Kuhl. No. 31, col. of E. A. and O. Bangs ; old adult (probably <j), from New Bruns- 


wick. Superior and inferior, vertical aspects of same skull. 


Plate XXIII. 


(Scale four-fifths natural size. ) 


Figs. land 2. Castor canadensis carolinensis Rhoads. Type; No. Z. 609, col. of State Museum of N. Carolina; old 


oO 


adult <j‘, from Dan river near Danbury, Stokes county, N. Carolina. Superior and inferior, vertical 


aspects of same skull. 
Plate XXIV. 


(Seale six-sevenths natural size. ) 


Lutra hudsonica (‘‘ Lacépede,’’? Desmarest). No. 4188, col. of E. A. and O. Bangs ; old adult <j‘, from Canton, 
Mass. Superior, vertical aspect of skull, 

LIutra hudsonica (‘ Lacépéde,’? Desmarest). No. 1201, col. of E. A. and O. Bangs, old adult oj, from West- 
ford, Mass. Inferior aspect of skull. 

Lutra hudsonica pacifica Rhoads. No. 8686, col. of Smithsonian Institution ; old adult, from (the coast of ?) 
Alaska. Inferior aspect of skull. 

Lutra hudsonica lataxina (¥. Cuvier). No. 3537, col. of E. A. and O. Bangs ; old adult <j’, from Raleigh, N. 
Carolina. Superior, vertical aspect of skull. 

Lutra degener Bangs. Type; No. 6965, col. of E. A. and O. Bangs ; adult <j’, from Bay St. George, Newfound- 
land. Superior, vertical aspect of skull. 


Plate XX V. 


(Seale slightly less than five-sixths natural size. ) 


Lutra hudsonica pacified Rhoads. No. 8687, col. of Smithsonian Institution ; old adult (probably ©), from 
(the coast of ?) Alaska. Superior, vertical aspect of skull. 

Lutra hudsonica vaga Bangs. No. 1580, col. of S. N. Rhoads; old adult <j’, from Tarpon Springs, Fla. 
Superior, vertical aspect of skull. 

Lutra hudsonica pacifica Rhoads. No. 303, col. of S. N. Rhoads ; old adult 2, from Tacoma, Wash. Superior, 


vertical aspect of skull. 
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ARTICLE I. 


THE HISTORY OF THE PELYCOSAURIA, WITH A DESCRIPTION OF THE GENUS 
DIMETRODON, COPE.* 


BY G. BAUR AND E. C. CASE. 


Read before the American Philosophical Society, March 38, 1899. 


HISTORICAL. 


The first remains of Permian Reptiles in the United States were described by Prof. 
Cope’ in 1875 from near Danyille, Vermillion county, in eastern Illinois. It was left 
undecided whether the strata from which the fossils came belonged to the Triassic or the 
Permian. The vertebrate remains are unaccompanied by invertebrate fossils, but the 
invertebrate remains of the region are all Carboniferous forms. Mr. Gurley, of Danville, 
the discoverer of the fossils, considers that the vertebrate remains came from deposits in 
the bed of an ancient river of the Permian time which cut through the underlying Car- 
boniferous rocks. This, if true, explains the puzzling feature of these typically Permian 
forms occurring on the same level with the Carboniferous invertebrates. 

The genus and species Clepsydrops collettii Cope was established, based on cervicals, 
including the axis, dorsal and caudal vertebrae; besides proximal ends of ribs, an 

*Preratory Norr.—The unfortunate death of Dr, Baur left the manuscript of this article in the hands of 
the junior author in an unfinished condition, and he has attempted to complete it with as little change from the 
original portion written by Dr. Baur as possible. The historical part, with the exception of the Russian and the 


Bohemian forms, and a portion of the African forms, was the work of Dr. Baur. The description of the skeleton 
was the work of the junior author, with the advice of Dr. Baur. 
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astragalus, considered first as a coracoid bone, and some phalanges, which were provi- 
sionally referred to the same genus. The vertebrae are deeply biconcave, and notochordal. 
There are no processes on the centra, but a small capitular, articular face is present 
on the anterior articular edge of two of the dorsals. The dorsal vertebrae have the sides 
somewhat contracted ; in one specimen the inferior face rounded, in another it is longi- 
tudinally acute. The diapophysis does not project far beyond the base of the neural 
arch, and is compressed. The caudals are elongate. Then follow remarks about the 
ribs, astragalus and phalanges. That these remains belonged to a small animal is indi- 
cated by the size of the vertebre : 


M. M. 
Length of centrum of sharp keeled dorsal.......... 0.014 of rounded dorsal....... 0.012 
Depth pehinde a. -rvtaciree terete Voies deslea eels 0,012 0.011 © 
Width behind « ./2cs.e aeroseertactanities ierstepierterteretars 0.012 0.0105. 


Cope says of Clepsydrops: “This genus is more typically Rhynchocephalian than Cri-_ 


cotus,” not knowing at that time that Cricotus is one of the Stegocephali (Labyrin- 
thodonta). 

The next communication was made by Cope? in 1877. Clepsydrops is now placed 
definitely among the Rhynchocephalia. Clepsydrops collettii Cope is said to be the 
most abundant land vertebrate of the formation, being represented in all the collections, 
sometimes by portions of individuals of double the size of the type. There is a single 
oceipital condyle. Two new species of Clepsydrops are described, C. vinslovii and C._ 
pedunculatus. 

C. vinslovit Cope is based on a third cervical vertebree, and probably represented by 
other vertebree. C. pedunculatus Cope is established on a third cervical and another, 
apparently dorsal one. This species is said to be characterized by the stronger dia- 
pophyses. 

Teeth are described, Species No. 4, p. 56, and are referred to BNE ies 
The horizon from which the fossils came is now considered as Permian, and is named the 


In the same na the ee of Bormnian seal in Pens 


and described. “ Vertebree amphicwlian, 5 
Pees arch freely articulated to the centr 


Clepsydrops shale. : . | en Po i j 
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A new species of Clepsydrops, C. limbatus, is described from Texas. It is based on 
a vertebra with the following dimensions : 


LGD RUN OR COMITTIMD.. «oa. ost0.6 6°50, ABA GUOO RAD 26 COBO TO OEE TI Cee nee 0.08 
; SVCTULL Ceultmememe Mee peas riveted ecaeeisiiais ereion Sere w vck iss dwaeets. ds 0,039 

Diameter of centrum noe 
HEY TTISIVABRESIONS od over Scar gen Glng 1G OR RC Cane ERE a 0,033 


In the May number of 1878 of the American Naturalist, published April 22, Copet 
made some remarks about the homology of the chevron bones. He says: “The basal 
portions of the chevron bones are continued throughout the greater part of the vertebral 
column in the Permian genera Clepsydrops, Metarmosaurus and Epicordylus | Eryops], 
forming intervertebral elements to which I have given the name intercentra’’—“ The 
free elements of the cervical series of some reptiles are probably the same.” Here the 
name intercentrum is introduced. In the same number of the Naturalist Cope’ refers to 
Clepsydrops : ‘ Clepsydrops has been found to have the canine and incisor teeth distinctly 
characterized. The ischia are immensely enlarged in an antero-posterior direction, form- 
ing a boat-shaped body.* The neural spines of the lumbar and sacral regions are greatly 
elevated, indicating a fin like that of Basilscus.” Two new species are described, C. 
natalis and C. gigas, the latter of the size of the larger Mammalia. 

In May, 1878, a paper by Prof. O. C. Marsh® appeared in the American Journal 
of Science on Permian fossils. In the beginning he states that “hitherto no Permian 
vertebrates have been identified in this country, although not uncommon in Europe.” 

He continues: “The Museum of Yale College contains an extensive series of Rep- 
tilian remains belonging to a peculiar lacustrine fauna, which includes also Amphibians 
and Fishes. These fossils are from several localities in the West, but mainly from New 
Mexico, and the geological horizon appears to be in the upper portion of the Permian. 
These Reptilian remains are in excellent preservation, and among them are several genera 
having the more important characters of the Rhynchocephalia, of which the genus Hat- 
teria, of New Zealand, is the living type. The principal points of agreement are the 
separate premaxillaries, the immovable quadrate, and the biconcave vertebree. Another 
character of much interest is the presence of certain hypaxial elements of the vertebra, 
first observed by Von Meyer in the Triassic genus Sphenosaurus, and called by him inter- 
central bones (‘ Zwischenwirbelbein’). ‘These wedge-shaped bones are apparently the 
homologues of the cervical hypapophyses in the Mosasauria, and of the subcaudal attach- 
ments in the Odontornithes, and a few recent birds. These intercentral ossifications 
apparently exist in all the Reptilia yet found in this new fauna, and hence serve to dis- 
tinguish it. With this character is another of hardly less interest. The anterior rib- 
bearing vertebree preserved have three separate articular facets for the ribs, one on the 


* This pelvis probably belongs to Eryops. 
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anterior part of the centrum for the head, and a double one above for the bifid tubercle. 
In the implantation of the teeth and their successional development these Reptiles 
resemble the Mosasauria. These characters, with others mentioned below, indicate two 
distinct families, which may be called Nothodontide and Sphenacodontide, frovn the 


typical genera here described. 
‘‘ Nothodon lentus, gen. et sp. nov. 


“This genus of Reptiles may readily be distinguished by the dentition. In each 
separate premaxillary there are two slender pointed teeth. In front of the maxillary 
there are one or two similar teeth, followed by a number with narrow transverse crowns, 
resembling in form the premolars of some carnivorous mammals. These crowns, when 
unworn, have a central cusp, and on each side a tubercle, somewhat like that on the pre- 
molars of the genus Canis. Inthe present species the first and last of the transverse teeth 
are smaller than the middle ones. The lmbs were short, the long bones had their 
extremities covered with cartilage, but the carpals and tarsals were well ossified. The 
centra were very deeply concave, and the tail was long. 

“The following measurements are taken from the type specimen of this species : 


MM. 
Length. of maxillary bones = 2.1: Gersiers sles eucle ciel tele aleve sternite tetete the oper nett eae 65 
Space'oceupied by ten maxillary teeth. . 22. cacti) acl eel eee 55° 
Height of crown of second maxillary toothi-. ce. sacar eee eee ere 14: 
Height of crown of third maxillary tooth). .-).20- 2-21 ee ee eee 9- 
Antero-posterior diameter... «.ccscsiies 6 = 05 = 6 sine ee cette ee ete eee ie a4 oe 
Transverse iam eter «..\j:s ec « sys o/s csieterebeteiare a1 cravat pret alee bere oie vetlel see ie eee ee 8: 
Antero-posterior diameter/of eishth tooth. e eee eerie cites ae 5° 
Trans Verse ia meter occ « «ers sini. cloretetoia sees einer ter ttcer acto ieee are Cretee neta 15° 


“The present species was about five or six feet in length, and herbivorous in habit. 
It was apparently slow in movement, and probably more or less aquatic. The remains at 
present known are from New Mexico.” 

This is one of Cope’s Diadectide. 


“ Sphenacodon ferox, gen. et sp. nov. 


“In the present genus the anterior teeth are somewhat like those of the reptile 
described above, but the posterior, or more characteristic ones, are totally different. The 
crowns are much compressed, and have very sharp cutting edges, without crenulations. 
In the present species the carnivorous teeth are crowded together, and the crowns placed 
slightly oblique, and twisted. The jaws were comparatively short and massive. The 
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rami of the lower jaws were apparently united by cartilage only, and the symphysis was 
short. The vertebrae are deeply biconcave. 
“Measurements from the type of this species are as follows : 


MM. 
Length of dentary bone......... dle ges oo HA SUGUOSC DO bRIADIES Chen CORE Ce Eee es 150: 
SUNCCLOCCUDICUE VE LO Cherise Aebste etre crete cists er tie esis y csi ee tlisiecles tos case vdenteeree 130: 
Eten OMmrOULaMLerOr CAMINO GECUN lace nines tat selec oes cctccc = decaeindeesr snes nene 25° 
EMPOMROLMUNVeRIE NV MCOMMIRCSSEC TECLIIG sie ciate s ccc a sists ee. cl gilts wales sie s ceed eglee dices 105° 
ENeighivapoven awe OlsecOnd LOWeL TOOtMiG. 26305 cos poeta sna cis ocd clecsinessaeeesss 15: 
Depth) of demtary bonelat symphysis... 6... eee sc cece cree => Hsie lis) ofageysis aisisvere © sles © sye'al 26° 
ENGL igo MONO MsaO me COMPLESSECLOOUN sea giele cece ames clem cr citiicsle wines cleidisieaecin areas es 8° 
Mita TSE SerCTnl Ct Clas meter ctetateyetelarer elste vicrstetelersitueie svelsaetel (e's irs) 6: sisi Sisisis, oie sitio 6i8ise mene ese cles 4: 

: “This reptile was about six feet in length, and carnivorous in habit.. Its remains 


are from the same locality in New Mexico that yielded those of Nothodon.” 
This is probably one of the Clepsydropide. 


“ Ophiacodon mirus, gen. et. sp. noy. 


“A third genus of Reptiles allied to the last described is indicated by various well- 
preserved remains from the same locality. The teeth are all carnivorous in type, conical 
in form, and all are similar. Those in the anterior part of the jaws are recurved, and in 
general shape resemble those of Serpents. The rami of the lower jaws were united only 
by cartilage. The vertebra are very deeply biconcave, and even perforate, and the intra- 
central bones large. In the present species the teeth are nearly smooth, and somewhat 
compressed. 


“The following measurements indicate the size of this reptile : 


MM 
EXGentOMaAmberiOn SIXTeeM te Op IMeCleMt atest cc see's oclels = rics elsle al 6) aps aisieds 2 4.5% aiate nie 75° 
1S ose HEIN IO MENU TE GRATE Oy MO UCTE Ole <. cae Gn Gon ble 2S CONN aS Ecc NOn on CO Oren ee ae aaa 20° 
Heightof crowmohtourih lower COoOth f.te snicker as eee cece dese ene vase cceeeeen 10: 
Mepuayotslowne ia) aw catys VID VSL Le wereteteresyols erases helbaletene = cieloaiaid vies 2's aie oli tale Wore tae © Sie 15° 
xtontOmse ven AU COnon ma xUlany COCbM sare quis lalate elesus esis eos fv ele ip sisicls@ 2 \e'aie via p a.a9 33° 
Vere nite OM Oro wWiMs Onis tpi A xl Lat valOOLM rts aslameise ars iyieus's Sisley, « slslelbie <)<ioi quel oii eivie sieie «1s \ay0.0 9: 
Antero-posterior diameter of crown ....... HUNG D5 HHA LSE WO TIOR aiae wee aes Beer alaveltctaretats sievsvs 3° 


“This species was about as large as those described above, and is from the same 
geological horizon in New Mexico. 


“Ophiacodon grandis, sp. noy. 


“A second larger species of apparently the same genus is represented by portions of 
the jaws, and teeth, and various parts of the skeleton. In this species the dentary bone 
is angular at its anterior extremity, and triangular in section. Its external surface is 

A. P. 8.—VOL. XX.'B. . ss 
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rugose, as in the Crocodiles. The crowns of the teeth are striate at the base, and the 
latter is furrowed vertically. The teeth are not so thickly set as in the smaller species, 
and the bases of the crowns are somewhat transverse. 


“ Measurements. 


MM. 
Space occupied by ten anterior lower teeth. ......- ees eee e ee eee eer eee ete eeeeee 140 
Depth of lower jaw at SyMphysisS......-- 0000-0. 2-- ee ceee sce nace ee en sees veeweeneees 129° 
Antero-posterior extent of symphysis... .wee.s hole hablrak Alla ee 25° 
Depth of dentary bone below seventh tooth ......--......2e cece eee eee ee et ee ee eee 30° 


Width of dentary at this point: 5.0. cor cle isle alge mepetettteeielale ofA terete oles eke eter tetera 20° 


“The present species was about ten feet in length, and the largest reptile yet found 
in this fauna. The remains are from New Mexico.” 

The Ophiacodon mirus is one of the Clepsydropide, and O. grandis might be 
Eryops Cope. 

The families ‘ Nothodontide” and “ Sphenacodontide” are, like the genera, 
established without diagnosis. 

To this paper Cope’ replied in The American Naturalist, June, 1878. He says that 
the four species of reptiles are characterized by Marsh in a yery insufficient manner. He 
should not regard his article as suitable for notice in The Naturalist but for certain 
assertions which it contains, and some circumstances connected “with its publication. 
The assertion that “ hitherto no Permian vertebrates haye been identified in this country, 
although not uncommon in Europe,” he declares the reverse of the fact, referring to his 
paper in the Proceedings of the Academy of Natural Sciences of Philadelphia for 1875, 
pp. 393-424, where some of the leading characters of the reptiles are pointed out; to his 
papers in the Proceedings of the American'Philosophical Society for May, 1877, pp. 52-- 
63, where several new species are described, and in the same journal for November, 1877, 
in which other species are added, making the whole number up to twenty-one. He 
then continues: “These papers Prof. Marsh has had the opportunity of seeing. Two 
further notices of the vertebrates of the American Permian appeared on April 22, of 
the present year (1878), in the May number of this journal, pp. 319 and 327. As the 
corresponding number of the Am. Journ. Sci. and Arts was not issued before May 5 
(perhaps a day or two sooner), Prof. Marsh had the opportunity of seeing these 
also. ‘They include references to seyen new genera, for most of which the characters are 
clearly pointed out. 

“The features common to the genera of the Permian, described by Marsh, are stated 
by him to be those characteristic of the order Rhynchocephalia ; as 1 have already shown to 
be the case with the forms described by me in the earliest as well as later papers of those 
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cited. Another characteristic is said to be the presence of the intercentrum, a statement 
agreeing with my own in the May number of this journal. 

“ As the author of the paper does not think it necessary to allude to published sources 
of information, it is too much to expect him to give credit for ideas communicated to him 
verbally. Add of the above mentioned and additional characters cited by Marsh in his 
two opening paragraphs as belonging to the Permian Reptiles, with others, were explained 
by me before the National Academy of Sciences, with Prof. Marsh as an attentive 
listener, at its last meeting in Washington, April 18, more than two wecks before the 
appearance of the paper here criticised. The characters to which I refer are ‘ the sepa- 
rate premaxillaries, the immovable quadrate and the biconcave vertebree ;’ the ‘ hypaxial 
elements of the vertebra, called [by von Meyer] intercentral bones.’ ‘ These intercentral 
ossifications apparently exist in all the Reptilia yet found in this new fauna.’ Compare 
these statements with those found in my paper read before the National Academy (which 
had been previously read before the American Philosophical Society, April 5) and pub- 
lished May 8, and that Prof. Marsh profited by what he heard is evidenced by his use of 
the term ‘intercentra,’ first introduced by myself. From this point of view it is easy to 
understand his attempt to make it appear that Meyer first used the word. He says, 
‘ Another character of much interest is the presence of certain hypaxial elements of the 
vertebrie, first observed by von Meyer in the Triassic genus Sphenosaurus, and called by him 
intercentral bones (Zwischenwirbelbein)’ (sic). ‘As Zwischenwirbelbein does not mean 
intercentrum, but intervertebral bone, Prof. Marsh’s knowledge of the former term must be 
ascribed to some other source. The fact that the Amer. Journ. Sci. and Arts appeared 
a good deal later than its usual date of publication may be considered in this connection.” 

On May 8, 1878,’ appeared the first more extensive paper of Cope on the forms from 
the Permian of Texas. The following new genera and species were described : Diadectes 
sideropelicus and D. latibuccatus ; Bolosaurus striatus and B. rapidens; Pariotichus 
brachyops ; Ectocynodon ordinatus ; Dimetrodon inciswus ; D. rectiformis and D. gigas ; 
Epicordylus erythroliticus ; Metarmosaurus fossatus ; Hmpedocles alatus ; Embolophorus 
fritillus ; Theropleura retroversa, T. uniformis and T. triangulata. A new species of 
Clepsydrops, represented by numerous portions of the skeleton, was established—C. natalis. 
The skull is described: ‘“'There is no quadratojugal arch, but the zygomatic and _ post- 
orbital arches are present. The squamosal extremity of the zygomatic arch descends low 
on the quadrate as in turtles, preventing mobility of the latter.” “The symphysis of the 
mandible is short, and the premaxillary bones appear to be distinct. The teeth were of 
different sizes and the premaxillaries and canines are distinguished from the others by 
their proportions. All are subround in section, with more or less defined anterior and 
posterior cutting edges, The premaxillary teeth are larger anteriorly, diminish pos- 
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teriorly, and are separated by a notched diastema from the large canine. The succeeding 
teeth are of medium proportion. There is no surface sculpture of the cranial bones.” 
The yertebre and intercentra, the greatly elevated neural spines in the lumbar and 
sacral regions are described, the humerus with the entepicondylar foramen and the ectepi- 
condylar groove. The ilium, ischium and femur. In regard to the relationship of 
Clepsyd rops, Cope makes the following remarks: “ Of the general affinities of this genus 
it is only necessary now to state, that my reference of it to the Rhynehocephaha is con- 
firmed. It differs from the recent species of the order in the absence of quadratojugal 
arch and the remarkably developed ischia. On this account I refer to Clepsydrops and 
its allies as a distinct suborder under the name of PELYCOSAURIA.” 

The new genus Dimetrodon is larger than Clepsydrops. The dentition is similar to 
that genus. The roots of the teeth are long and are contained in deep alveoli. Between 
the premaxillary and maxillary is a deep emargination of the border of the jaws. There 
are but two incisor teeth, of which the anterior is much larger than the second. The 
anterior two teeth of the maxillary bone are larger than the following ones, the anterior 
exceeding eyen the first incisor. The other maxillary teeth are smaller and subequal. 
The orbit is lateral, and has a prominent and convex superciliary border. The zygo- 
matic arch is so curved upwards as to complete the orbit behind by the intervention of a 
postorbital or postfrontal bone, which separates the malar [jugal] and squamosal bones 
from mutual contact. In front of this bone a portion of the frontal forms the super- 
ciliary border, and in front of this, the prefrontal sends a wide process behind the 
lachrymal to the orbit. This bone resembles a nasal bone in form, and extends forward, 
and is decurved at the extremity. The width of the descending or malar process of the 
posttrontal is such as to partially separate the orbit from the zygomatic fossa. The super- 
ciliary surface is swollen, and is interrupted by a transverse groove on the orbital part of 
the prefrontal. There is a vertical open groove on the malar process of the postfrontal. 
Some pelvic bones are referred here. They include both the ilia, ischia and pubes in 
one mass, forming a compressed boat-shaped body, with a prominent inferior keel. They 
probably belong to Eryops. 

Dimetrodon is said to be allied to Deuterosaurus Eichw. and Eurosaurus Fisch., 
as defined by Meyer. ‘“ Deuterosaurus has much more elevated nostrils, more numerous 
incisor teeth, and wants the extensive diastema in front of the superior canine. 
Lycosaurus Owen, from the South African Trias, resembles it much more nearly, but 
does not present the greatly enlarged anterior incisor teeth of Dimetrodon.” 

The new genera and species, Epicordylus erythroliticus Cope and Metarmosaurus 
fossatus Cope, which are based on vertebrae, are considered closely related to Dimetrodon. 
The new genera, Hmbolophorus, with one species, E. fritillus, and Theropleura, with 
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three species, 7. retroversa, T. umformis and T. triangulata, all based on vertebrae, are 
also placed near that genus. 
_ A peculiar genus, Hmpedocles | Hmpedias| alatus Cope, with additional hyposphene 
and hypanthrum articulations, is also described. 
In addition to the type of humerus referred to Clepsydrops, Cope describes three other 
humeri, which represent three other genera which have been probably already named from 
crania or vertebre. Nos. 1 and 2 are compared with that of Hurosaurus, but the epicon- 
dyles are more largely developed. No. 3 is considered as belonging to Empedocles [ Em- 
pedias\. , 
Prof. Cope concludes his paper with the following remarks: “The division Pely- 
cosauria is established primarily on the genera Clepsydrops and Dimetrodon, but their 
cranial structures render it highly probable that Hctocynodon, Pariotichus and Bolosaurus 
belong to it. It is also probable that the genera, Hmpedocles | Hmpedias], Hmbolophorus 
and others determined from vertebre belong to it, as the latter are frequently accom- 
panied by pelvic bones of the type of that of Dimetrodon. All the genera known from 
teeth and crania are of carnivorous habit, excepting Bolosaurus and Diadectes ; they may 
oa be referred to a single family on this account, which I call the Clepsydropside. Bolo- 
-_-- sawrus will form the type of another family characterized by the transverse position of the 
% crowns of the teeth, under the name of Bolosauride. Prof. Owen has named a group of 
; __-‘Triassic and Permian reptiles the Theriodonta, characterized by the mammal-like dif- 
ferentiation of the incisor and canine teeth. The animals thus referred by Prof. Owen 
probably enter my suborder of Pelycosawria, although the structure of their pelvis 
. - remains to be ascertained. If so, they correspond with my Clepsydropside, since Prof. 
~ Owen does not include herbivorous forms in his division. As it is plain that the herbiv- 
_ orous and carnivorous types belong to the same order, and probably suborder, it becomes 
“necessary to subordinate the term Theriodonta to that of Pelycosauria. To another 
. “division of reptiles from the South African Trias, typified by the genus Pareiasaurus 
Owen, he gives a special name, expressive of the deeply impressed surfaces of the centra 
0 U Lees ee ie remains Bp the Gs Bseadie As te or ie anes pulibane is 
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emy of Sciences, at its meeting in New York, on the Theromorphous Reptilia. “‘ He stated 
that he had determined that the scapular arch in the Pelycosauria consists of scapula, 
coracoid and epicoracoid, which form-a continuum in the adult, in the same way as the 
three elements of the pelvis in the same group form an os innominatum. He showed 
that the tibiale and centrale of the tarsus unite to form an astragalus, which has no move- 
ment on the tibia. The fibulare forms a caleaneum. The distal side of the astragalus 
presents two facets, one of which receives a large part of the proximal extremity of the 
cuboid. 

“The structure of the scapular and pelvic arches was stated to be identical with that 
already described by Owen as belonging to the Anomodontia. Several important char- 
acters distinguish this group from the Pelycosauria, but the two together form an order, 
which Prof. Cope thought would have, for the present at least, to be retained as distinct 
from the Rhynchocephalia. 'The characters of this order, with its two suborders, were 
given as follows : 

“'THEROMORPHA Cope. Scapular arch consisting at least of scapula, coracoid and 
epicoracoid, which are closely united. Pelvic arch consisting of the usual three elements, 
which are united throughout, closing the obturator foramen [f. pubo-ischiaticum] and 
acetabulum. Limbs with the phalanges as in the ambulatory types. Quadrate bone 
proximally united by suture with the adjacent elements. No quadratojugal arch. 

‘ Pelycosauria. ‘Two or three sacral yertebree ; centra notochordal ; intercentra usu- 
ally present. Dentition full. 

“ Anomodontia. Four or five sacral vertebree ; centra not notochordal ; no inter- 
centra. Dentition very imperfect or wanting. 

“The Rhynchocephalia have no distal ischio-pubic symphysis, and apparently no 
epicoracoid bone. They have an obturator foramen [foramen pubo-ischiaticum] and a 
quadratojugal arch. | 

“The order Theromorpha was regarded by Prof. Cope as approximating the Mamma- 
fia more closely than any other division of Reptilia, and as probably the ancestral group 
from which the latter were derived. This approximation is seen in the scapular arch 
and humerus, which nearly resemble those of the Monotremata, especially Echidna; and 
in the pelvic arch, which Owen has shown in the Anomodontia to resemble that of the 
Mammals, and, as Prof. Cope pointed out, especially that of Hehidna. The tarsus is also 
more mammalian than in any other division of reptiles. In the genus Dimetrodon the 
coracoid is smaller than the epicoracoid, as in Monotremes. The pubis has the foramen 
for the internal femoral artery.” 

At the end of this note a new species of Dimetrodon is described under the name 
of D. cruciger, “It is characterized by the enormous length of the neural spines of the 
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lumbar vertebra, which form the dorsal fin seen in other species of the genus. In this 
species the spine sends off, a short distance above the neural canal, a pair of opposite 
short branches, forming a cross. At various more elevated positions there are given off 
tuberosities, which alternate with each other.” This species of Dimetrodon was later made 
the type of Naosaurus Cope. 

Cope’s “‘Second Contribution to the History of the Vertebrata of the Permian For- 
mation of Texas” appeared June 5, 1880. The general conclusions about the Thero- 
morpha he had already published in the American Naturalist, December, 1878, which 
we have reviewed above. Cope now believes that the Pelycosawria are related to the 
Amphibia in some important respects (scapular and pelvic arches, humerus, dentition 
of palatal region), but he says: “In spite of these approximations, the Pelycosauria are 
distinctly reptilian in their single occipital condyle, ossification of the basi-cranial axis 
and single vomer.”’ . 

“Thus the reptiles and batrachia of the Permian period resemble each other and 
the Mammalia more closely than do the corresponding existing forms.” 

The genus Theropleura is more fully defined from a better preserved specimen of 
Theropleura uniformis than any so far obtained. ‘The teeth are generally similar to 
those of Clepsydrops and Dimetrodon, haying compressed crowns with fore and aft cut- 
ting edges. The incisors are distinguished by the presence of a diastema. Posteriorly 
to this the teeth increase in size and then diminish; one tooth near the middle of the 
series is the largest, but does not in this species very much exceed the others. There is 
at least one large incisor tooth. The bones of the head are smooth and not sculptured. 
The symphysis of the mandible is short.” The neural arches are distinct from the cen- 
tra. Intercentra are said to be absent in the thirteen vertebrae preserved; but there 
was probably one below the centrum of the atlas. The ribs are two-headed, the capitu- 
lar process extending downwards to the anterior border of the centrum. The neural 
spines of some of the vertebrae are greatly elevated, as in the species of Clepsydrops and 
Dimetrodon. Dermal rods are said to be present, suspected to be abdominal, and this is 
considered a batrachian character. The neural spine of the axis is extended fore and 
aft. The odontoid is distinct and is of large size. It has lateral and inferior articular 
surfaces. 

Theropleura uniformis is described to be of the size of the larger Varanide, and about 
equal to the Clepsydrops natalis. It is characterized by a long and acuminate head, with 
a large lateral nostril on each side, well forwards and approaching near the border of the 
diastema. Anterior to the large lateral tooth there are nine teeth; posterior to it there 
are eighteen. Length of alveolar edge of mandible 0.120 m. 

A new species of Theropleura is described as 7. obtusidens, represented by nearly 


16 THE HISTORY OF THE PELYCOSAURIA, WITH 


all parts of the skeleton, including jaws of both sides with teeth, numerous vertebree and 
bones of the limbs. 

The neural arches are codssified with the centrum. The jaws are long and slender 
and the teeth are of equal size. The number of teeth in the dentary is about twenty- 
one. The mandibular articular face consists of two open parallel grooves, one shorter 
than the other, extending obliquely to the long axis of the jaw. A dentigerous bone of 
the palate is described. 

The vertebrae: have simple elongated neural spines. Intercentra are indicated by 
the shape of the vertebra, but not preserved. ‘Traces of sutural articulation with the 
neural arches remain. Many of the centra are much compressed and have a narrow, 
sharp median keel. 

Dimetrodon is more fully described ; the vertebrae and a portion of the muzzle are 
figured. Parts of the palatopterygoid are described, probably pieces of the palate and 
pterygoid ; both bear teeth. The posterior part of the skull displays typical reptilian 
characters. The occipital condyle is described as not perforated nor divided by sutures. 
The exoccipital bones [paroccipital processes] project well backwards. The lateral walls 
of the brain-case are massive as far forwards as the exit of the fifth pair of nerves ; ante- 
rior to this point they were thin or wanting. The basisphenoid carries two parallel 
descending laminee, which bound a deep median fissure, and then unite anteriorly. Pos- 
teriorly they abut on a descending process, which is followed by a lid-like element which 
is applied to a circular fossa with a raised border near the occipital condyle. 

The articular face of the articular bone of the mandible consists of two parallel 
cotyli, divided by a ridge of articular surface. [This is the quadrate.] This part of the 
Jaw is much depressed, as in Hryops. The large teeth of the lower jaw are at the ante- 
rior extremity. The neural spine of the axis is flat and elongate antero-posteriorly. 
From this point the neural spines rise rapidly in elevation until on the dorsal region they 
are many times as long as the diameters of the centra. Intereentra are present in the 
dorsals ; and all the ribs are two-headed, from the axis. All the cervical and dorsal ver- 
tebree have diapophyses with tubercular facets. The head of the rib is prolonged down- 
wards and forwards to the prominent border of the anterior articular face, against which 
it abuts, but so far as yet observed without a corresponding facet. [The facet is on the 
intercentrum. | On the caudal vertebree the two facets of the ribs are approximated and 
finally are not distinguished. They are here codssified with the centra. Then follow 
short notes on humerus, pelvis and femur. 

Three species are distinguished as follows: 

Vertebral centra much compressed, acute below ; neural spines without processes......... D. incisiwus. 


Vertebral centra less compressed, obtuse below ; neural spines without processes, larger...... D. gigas. 
Vertebral centra compressed, not acute below ; neural spines with cross projections........ Dz. cruciger. 


A DESCRIPTION OF THE GENUS DIMETRODON, COPE. 17 


The characters of Dimetrodon cruciger Cope, already given in American Naturalist, 
December, 1878, p. 830, are noted again. 

A new genus Helodectes is established. It has the molar teeth in two series. Two 
species are named /. paridens and H. isacii. 

In the American Naturalist of February, 1881, Prof. Cope" gave a list of the Verte- 
brates of the Permian Formation of the United States. 

The following Reptilia are catalogued : 


THEROMORPHA Cope. 


Pelycosauria Cope. 


Diplocaulide. Theropleura uniformis Cope, Texas. 
Diplocaulus salamandroides Cope, Eastern Illinois. s triangulata Cope, Texas. 
Clepsydropside. “ obtusidens Cope, Texas. 
Pariotichus brachiops Cope, Texas. Metarmosaurus fossatus Cope, Texas. 
Ectocynodon ordinatus Cope, Texas. Embolophorus fritillus Cope, Texas. 
Archeobelus vellicatus Cope, Eastern Illinois. Lysorophus tricarinatus Cope, Eastern Illinois. 
Clepsydrops collettii Cope, Eastern Illinois. Bolosauride. 
ninslovii Cope, Eastern Illinois. Bolosaurus striatus Cope, Texas. 
us pedunculatus Cope, Eastern Illinois. Diadectide. 
2b natalis Cope, Texas. Diadectes sideropelicus Cope, Texas. 
Dimetrodon incisivus Cope, Texas. Hf phaseolinus Cope, Texas. 
fe rectiformis Cope, Texas. Eimpedocles alatus, Cope, Texas. 
ue biradicatus Cope, Texas. "§ latibuccatus Cope, Texas. 
ah gigas Cope, Texas. * molaris Cope, Texas. 
ss cruciger Cope, Texas. Helodectes paridens Cope, Texas. 
Theropleura retroversa Cope, Texas. se isacit Cope, Texas. 


The next paper of Cope” is “On Some New Bratrachia and Reptilia from the Per- 
mian Beds of Texas.” A new species of Dimetrodon is described under the name of D. 
semiradicatus ; based on premaxillary and maxillary bones. There are three teeth on each 
premaxillary ; in the maxillary 17 or 18. The first premaxillary and third maxillary 
are of nearly equal size and are much larger than the others, the second premaxillary 
only approaching them. Besides, the clavicles of Dimetrodon cruciger are discussed and 
compared with the corresponding elements of the Stegocephali. 

In November, 1884, Prof. Cope™ published his fifth contribution to the knowledge of 
the Permian Vertebrates. A new species of Clepsydrops, C. leptocephalus, is described. 
“This species is represented by almost the entire skeleton, the principal deficiency being 
that of the scapular arch and the anterior limbs, with the phalanges of the posterior 
feet.’ 

The bones of the skull are mostly preserved. ‘The’ quadrate bones are rather short, 


and articulate above by squamosal suture with the squamosals, which overlap them pos- 
A. P. 8.—VOL. XX. ©. 
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teriorly. They narrow upwards, and are deeply grooved on the anterior face below. 
Each edge of the groove is produced forwards ; the external for a considerable distance as 
an acuminate laminiform process, in the usual position of a quadratojugal bone. ‘The — 
pterygoids were probably placed much as in Hmpedias molaris Cope (Proc. Am. Philos. 
Soc., Vol. xix, p. 56, Pl. V). They send inwards a subtriangular plate from each side, 
which approach each other on the median line without touching, and the adjacent edges 
are somewhat decurved. The posterior edges are deeply concave on each side of the 
middle line, and, like the inferior edges, are dentigerous. The process for the quadrate 
extends outwards and backwards, and is thickened on its posterior edge, while its anterior 
edge, which is continued from the inferior edge of the posterior border, becomes very thin. 
The anterior production for the ectopterygoids extends outwards and forwards, leaving the 
anterior edge of the dentigerous plates as the concave posterior border of the large pala- 
tine foramina. The anterior production of the internal edge of the plate becomes very 
thin, and is broken in the specimen without showing articulation for the palatine. 

The sguamosal extends both above and below its anteriorly directed zygomatic por- 
tion. The superior extremity shows squamosal suture for the parietal. The stapes 
(PL I, Fig. 2, a,b, ec, d) is of large size. It consists of a stout rod terminating in a double 
extremity, something like the double head of a rib. The shorter head is expanded into 
a funnel shape. Near to it the shaft is perforated in the longer diameter by a foramen. 
The extremity of the other head is transversely truncate, and is separated from the 
funnel by a deep notch. On the outer side of the fundus of this notch a foramen pene- 
trates the shaft obliquely, and is continued into a canal which issues at the foramen first 

‘described. The distal end is truncated by an irregular sutural surface. The premaxil- 
laries are distinct. The teeth of that bone and of the maxillary are of unequal size. 

The axis has an expanded neural spine and a diapophysis for rib articulation, but, 
no parapophysis or capitular fossa. Behind the axis follow twenty-six vertebree in a con- 
tinuous series. All bear diapophyses, and-all are rib-bearing, except perhaps the last 
two, where they are of reduced size. They are more or less opposite the neural canal as 


far as the twenty-second centrum. On this centrum the superior edge is on a level with 


the floor of the canal, and posterior to this point the diapophyses rise from the centrum. 
Two sacrals and ten caudals are preserved. The intercentra are short and not exte ‘ee 
upwards on the sides. The neural spines were probably not elon sated, as in Dimetrodon, 
ouch re are Beas vee off. Si. Pile. #4 Le ae 
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present. The centra are strongly compressed, and on the anterior part of the column 
have an obtuse hypophysial keel. The intercentra display equal width on the inferior 
surface, and are abruptly rounded at the extremities. The last one preserved is between 
the second and third caudal centra. The sacrum is rather robust. The sacral vertebrae 
are free, have well-developed neural spines and large free ribs for the ilium. 

A new species of Hdaphosaurus, E. microdus, is described. The genus Edapho- 
saurus was established on . pogonias, represented by a specimen, which included 
only a distorted cranium. The new species is based on numerous vertebree and ribs and 
the dentigerous plates of both jaws. The vertebree possess enormously elongated neural 
spines as in Dimetrodon. The centra have a facet on the anterior edge above the middle 
for the head of the rib, as in a mammal. It is not repeated on the posterior edge of any 


of the thirteen centra preserved. The ribs are only compressed proximally. -Distally 


their section is a wide oval. _ 

The centra are rather elongate, and the fap chorde dorsalis is rather large. No 
intercentra are preserved, and if present they must have been very small, as the inferior 
rim of the centrum is not beveled to receive one. The neural spines have transverse 
processes which commence near the base, and project at intervals from the sides. 

A special portion of the paper treats the posterior foot in the Pelycosauria (Clepsy- 
drops natalis, Pl. I, Figs. 5, 6). 

The astragalus and calcaneum are large and well-specialized bones free from each 


other and the other tarsal elements. The navicular is distinct. ‘There are four tarsals | 


in the distal series, Three are articulated with the metatarsals 1 to 3, the fourth 
with metatarsal 4 and 5. These elements are tarsal 1 (entocuneiform), tarsal 2 (meso- 


cuneiform), tarsal 3 (ectocuneiform), and tarsal 4 and 5 (cuboid). There is a face on the 


-Monotremata. 


ot 


astragalus for another element, which Cope thinks might have been a spur, as in the 
_ The following conclusions are reached : | 
“1, The relations and number of the bones of the posterior foot are those of the 


mmalia much more than those of the Reptilia. 2. The relations of the astragalus and 


enemy to ae other are as in the Monotreme EA Se anatinas. 3. The atticulshon 


; - : THO presence of : a facet for the retell of a spur is as as 
af i , 
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especially of the anterior leg. It remains a fact that with this resemblance in the leg 
there is a general adherence to the reptilian type in the structure of the skull.” But this 
adherence is not so exclusive as has been supposed, as he endeavors to show. 


An account is now given of the structure of the columella auris in Clepsydrops lepto- 
cephalus. The columella resembles a rib, of which the suprastapedial process resembles 
the head, and the stapes the tubercle. If this process be the incus, the stapes is short- 
ened as in the majority of Mammalia. We have here an approximation to the Mammala 
in two points: (1) The perforation of the head of the stapes ; (2) and the ossification of 
the incus, which (8) is distinct from the malleus, thus furnishing homologues of the prin- 
cipal ossicles of the ear.” 

The structure of the quadrate bone in the genus Clepsydrops is then discussed. This 
bone in Clepsydrops leptocephalus Cope, already described, is of highly interesting form. 
Its lower horizontal process is homologized with the zygomatic process of the squamosal 
bone of the Mammalia, forming with the malar bone the zygomatic arch. “ Jn the Pely- 
cosauria there is but one posterior lateral arch, as is demonstrated by many specimens ; 
hence, we have here a reptile with a zygomatic arch attached to the distal extremity of 
the quadrate bone.” ; 

After this some remarks follow about the articulation of the ribs in Embolophorus. 
“The ribs of the Theromorpha are two-headed. While the tubercular articulation has 
the usual position at the extremity of the diapophysis, the capitular is not distinctly, or 
is but partially indicated, on the anterior edge of the centrum, in Clepsydrops and 
Dimetrodon. In Hmbolophorus, as shown in 1878, the capitular articulation is distinctly 
to the intercentrum.” Therefore the ribs of the Theromorpha are intercentral and not 
central elements, and are homologues, according to Cope, of the chevron bones [! ]. 
This type of rib articulation also approximates closely that of the Mammalia, where the 
capitular articulation is in a fossa excavated from two adjacent vertebre. 

Finally the origin of the Mammalia is discussed. The Mammals are considered as 
the descendants of the Pelycosauria, and a table shows the relations between the Ampiidia, 
Pelycosauria, other Reptilia, and the Mammalia. The same results were published in 
the Proc. Amer, Assoc. Adv. Science,” Vol. xxxiii, pp. 471-482, 1 Pl., Salem, 1885, with 
the title, “The Relationships Between the Theromorphous Reptiles and the Monotreme 
Mammalia.” In April, 1885, Prof. Cope” published a paper “On the Evolution of the 
Vertebrata, Progressive and Retrogressive.” Here he derives all Reptilia, with the pos- 
sible exception of the Ichthyosauria, from the Theromorpha. 


In April, 1886, Cope” gave figures of the vertebrae of Olepsydrops natalis Cope. In 
June of the same year he established the genus Naosawrus, in a paper with the title, 
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“The Long-spined Theromorpha of the Permian Epoch.” Referring to Dimetrodon he 
says: 

“The huge neural spines formed an elevated fin on the back. In a medium-sized 
specimen of Dimetrodon incisivus, where the vertebral body is 35 mm. in length, the 
elevation of the spines is 900 mm., or twenty and a half times as great. The apex of 
the spine in this species is slender, and apparently was flexible. The utility is difficult 
to imagine. Unless the animal had aquatic habits, and swam on its back, the crest or fin 
must have been in the way of active movements. Accordingly the spines are occasionally 
found distorted at the union of the faces of fractures. The limbs are not long enough 
nor the claws acute enough to demonstrate arboreal habits, as in the existing genus 
Basiheus, where a similar crest exists. A very peculiar species has been described under 
the name of Naosawrus claviger Cope. ‘There the spines are not quite so elevated as in 
the D. incisivus, but they are more robust, and have transverse processes or branches 
which resemble the yardarms of a ship mast. In a full-sized individual the longest cross- 
arms, which are the lowest in position, have an expanse of 260 mm., or ten and a quarter 
inches, while the spine has about the height of 500 mm. (19.75 in.), the body being 60 
mm. long. The animal must have presented an extraordinary appearance. Perhaps its 
dorsal armature resembled the branches of shrubs then, as they do now, and served to 
conceal them in a brushy or wooded region; or, more probably, the yardarms were con- 
nected by membrane with the neural spine or mast, thus serving the animal as a sail with 
which he navigated the waters of the Permian lakes. <A very singular character of the 
spines in all the species is that they are hollow, as in Ceelacanth fishes, and that the 
central cavity is not closed at the apex. 

“There is a well-preserved cranium of the D. claviger, but the muzzle is unfortunately 
wanting. ‘The median line rises forward so that the convexity of the top of the muzzle 
is higher than the posterior parts of the skull, whose profile descends rapidly. This 
throws the orbit far back, and gives the animal a peculiar appearance. Naosawrus differs 
from Dimetrodon in the transverse processes of the neural spines of the vertebree. There 
are three species, which differ as follows : 


Spines of vertebre cylindrical distally ; transverse processes replaced above by tuber- 


OStIES 2 en < Sdotlobie feDaBAOUuOL SGUOE8 GbTONO Riienetersate a SMete eta oreiarere ects aboooc N. cruciger. 
Spines of vertebree expanded and compressed above. Palatine teeth large, forming a 
pavement....... Roser athe aiisietst oe seceee WV. microdus (Hdaphosaurus microdus Cope). 
Palatine teeth much smaller and more widely spaced..... wate Melodies tetas os NV. claviger. 


‘“ All these species are from the Permian formation of Texas.”’ 
In a paper by Baur” on the humerus of the Amniota, published in 1886, a few 
remarks are made on the relationship of the Theromorpha and the Mammalia. Baur 
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says: “Cope betrachtet die Pelycosauria als die Ahnen der Siugethiere. Ich glaube 
jedoch, dass dieselben schon etwas zu stark specialisirt. sind, um diesen Anforderungen 
entsprechen zu kénnen. 

‘“‘ Dariiber aber kann kein Zweifel sein, dass die Pelycosauria den Stammaltern der 
Siugethiere sehr nahestehen. Beide sind vielleicht aus derselben Gruppe hervorgegangen, 
einer Gruppe, welche zwischen den Batrachiern und Reptilien des Perm in der Mitte 
stehen wiirde, und welche ich Sauro-Mammalia nennen méchte. Folgendes Schema 


moge den Zusammenhang ausdriicken : 


Sauropsida Mammalia 
| 
| | 
| 
| Theromorpha Eutheria (Monotremata ) 
aa 
az 


Sauro-Mammalia 


Carbonische Batrachier den Hmbolomeri nahestehend. 


A new catalogue of Permian vertebrates was published by Cope” in October, 1886. 


Theromorpha. 
Clepsydropide. 

? Lysorophus Cope, 1877. Naosaurus Cope, 1886. 

L. tricarinatus Cope, 1877, Eastern Illinois. NV. cruciger Cope, 1878 (Dimetrodon), Texas. 
Archeobelus Cope, 1877. NV. claviger Cope, 1886, Texas. 

A, vellicatus Cope, 1877, Eastern Illinois, NV. microdus Cope, 1884 (Hdaphosaurus), Texas. 
Clepsydrops Cope, 1875. Theropleura Cope, 1878. 

O. collettii Cope, 1875, Eastern Illinois. T. retroversa Cope, 1878, Texas. 

C. vinslovii Cope, 1877, Eastern Illinois. T. uniformis Cope, 1878, Texas. 

C. pedunculatus Cope, 1877, Eastern Illinois. T. triangulata Cope, 1878, Texas. 

C. natalis Cope, 1878, Texas. T. obtusidens Cope, 1880, Texas. 

C. macropondylus Cope, 1884, Texas. Embolophorus Cope, 1878. 

C. leptocephalus Cope, 1884, Texas. E. fritillus Cope, 1878, Texas. 

[C. limbatus Cope, 1877, Texas, not mentioned J E. dollovianus n. sp. Cope, 1886. 
Dimetrodon Cope, 1878. Hdaphosaurus Cope, 1882. 

D. gigas Cope, 1878, Texas. E. pogonias Cope, 1882. 


D. incisivus Cope, 1878, Texas. 
D. rectiformis Cope, 1878, Texas. 
D. semiradicatus Cope, 1878, Texas. 


Remarks are made about Dimetrodon and Naosaurus. 
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“Tn a medium-sized specimen of Dimetrodon incisivus, where the vertebral body is 
35 mm. in length, the elevation of the neural spine is 900 mm., or twenty and a half 
times as great.” The interclayicle is described as sternum and figured Pl. III, Fig. 5. 
A posterior foot of Theropleura (spec. ?) is figured and described. 

Naosaurus differs from Dimetrodon in the presence of transverse processes on the 
neural spines. Portions of the skull and vertebrae of Naosawrus claviger are described 
and figured (Pl. I, Figs. 1-3; Pl. III, Fig. 1). Vertebree of Naosawrus cruciger and 
NV. microdus are also figured (Pl. III, Figs. 2 and 3). 

In 1887 Baur *** gave the following diagram to express the relationship between 
the Theromorpha, the other Reptiles and the Mammals : | 
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vertebree and an intercentrum, and two other portions of dorsal yertebree of Hmbolo- 
phorus dollovertanus Cope. 

The next paper to be mentioned is by Prof. Cope,” “On the Homology of the 
Posterior Cranial Arches in the Reptilia,” published in April, 1892. 

Clepsydrops leptocephalus Cope is made the type of a new genus, Diopeus Cope. 
The following species have well-preserved crania which display sutures: Chilonyx rapi- 
dens Cope ; Pantylus cordatus Cope; Pariotichus megalops Cope ; Edaphosaurus pogonius 
Cope; Clepsydrops natalis Cope ; Naosaurus claviger Cope ; Diopeus leptocephalus Cope. 

“The genera Chilonyx, Pantylus and Pariotichus haye the temporal fosse entirely 
roofed over, thus belonging to the Cotylosauria, to which must be probably referred the 
genus Pareiasaurus Owen, of the South African Karoo formation, and the Phanerosaurus 
of the German Permian. The other genera, excepting Diopeus, belong to the Pely- 
cosaurva, Which is probably the same as the Theriodontia of Owen. 

“ Chilonyx agrees with the Stegocephalia and with other Diadectide in possessing a 
distinct os intercalare [epiotic aut.; paroccipital plate, Baur,” 1889 ; os tabulare or tabular 
bone, Cope,” 1894]. The component elements of the cranial roof are equal in number and 
similar in position to those of the Stegocephalian skull, except that the supramastoid 
[squamosal] extends between the parietal and intercalare [paroccipital plate] to the 
posterior border of the cranial table (Fig. 2, Sm.) ; and the supraoccipital does not extend 
on to the superior face of the skull, except as a narrow border. The quadrate bone is 
directed forwards instead of posteriorly, which causes an antero-posterior abbreviation of 
the supratemporal [prosquamosal] and squamosal elements. The elements of the temporal 


roof are not exclusively tegumentary, but are identical in character with the bones of the — 


brain case, and the sutures are visible on the under as well as the upper side. 
“Pantylus agrees with Chilonyx in the composition of its cranial roof with the excep- 
tion that the suspensorium is vertical and is not directed forwards” (Fig. 4, Pl. I). z 


“ Pariotichus Cope agrees in the main with Chilonyz, but the supraoccipital is divided | 
medially and is reflected on to the superior face of the skull as in Stegocephali. The inter- 


calare [paroccipital plate] is reduced to a small element, of which a small part appears 
on the superior face of the skull immediately behind the exterior part of the yge 
mastoid” [squamosal] (Fig. 3, Pl. Da a | eel 
Then it passes to the Theriodontia (Pelycosauria). i. 
| In “Naosaurus Cope (Fig. 7, Pl. I), ¢ 
he muzzle is ace sguae om ie 
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structure, of which the shorter limb is inferior, extending to the jugal, while the longer 
limb is posterior, extending to the supratemporal [prosquamosal], in contact with the 
parietal. It encloses no foramen with the latter; but it encloses a larger foramen with 
the jugal, zygomatic [quadratojugal|] and supratemporal [prosquamosal] at the other 
boundaries. This is the infratemporal foramen of Baur. Posterior to the parietal is a 

small transverse element, which appears to be merely adherent to the former. Its 
determination is not easy at present. The supratemporal [prosquamosal] is elongate 
vertically, and narrow antero-posteriorly. Beneath and towards the middle line of the 
skull is a part of another bone which may be the paroccipital, or even exoccipital. The 
pineal foramen is distinct. No parietoquadrate arch.” 

“In Clepsydrops the structure is apparently the same, although the form is much 
less modified. The quadrate articulation is nearly in line with the maxillary dental 
series (Fig. 6, Pl. IT), and the jugal is nearly horizontal ; its inferior border being con- 
cave upwards. No bar extends posteriorly from the postorbital, which joins the supra- 
temporal [ prosquamosal], enclosing with it the infratemporal foramen. No indication of 
a supratemporal foramen can be found in the rather mutilated eee I think it was 
not present.” 

“In Edaphosaurus Cope (Fig. 5, Pl. II), the skull is of a more depressed type than in 

; __ the preceding genera. The postorbital is mainly preserved, and it is in contact with the 
____ frontal proximally, and sends out no bar posteriorly. There was apparently no supra- 
ee temporal foramen, but a very large infratemporal, which extended well upwards. There 
is no parietoquadrate arch. An element, perhaps supraoccipital, terminates in a free 
compressed apex on each side of the median posterior region. This may be homologous 

es Ses with the small free bone described in Naosaurus, in nearly the same position. The stapes 
is very large, and is at least partially perforated near the expanded proximal extremity. 
It is probably fully perforated, as I have described it in the Diopeus leptocephalus Cope.” 
at Beer) In Diopeus Cope, the supratemporal is elongate in the vertical direction, and as 
ie elsewhere it overlaps the quadrate at the distal extremity. Anteriorly, it sends forwards 
a process probably for union with the postorbital bone, which is, however, entirely free 
from the parietal, and encloses a foramen with it, precisely as in Sphenodon. It further 
resembles the corresponding element in Sphenodon in sending upwards a branch for union 
vith hs Sra Ne Poo are in ns eu two eee oe and two face 
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bone [quadratojugal] is not excavated below, but has a straight outline to its junction 
with the jugal. The quadrate condyle is double like that of Sphenodon and the Clepsy- 
dropside”’ (Fig. Pl. IT). 

“The Theriodonta described by Owen appear to have the single cranial arch con- 
structed in the same way as I described above as characteristic of the American forms. I 
gather this from Owen’s figures of the genera Kistecephalus Ow., Glalesaurus Ow., 
Scaloposaurus Ow., Anthodon Ow., and apparently Lycosaurus Owen.””* 

The posterior region of the Anomodontia is then discussed. They possess an 
“extensive supratemporal foramen, and that the bone which bounds it externally con- 
sists posteriorly of the supratemporal bone [squamosal], and not the zygomatic [quad- 
ratojugal]. Anteriorly this bone joins the postorbital, postfrontal and malar” [jugal ]. 
“Tt is evident then that the Anomodonta differ from the Theriodonta in the absence of 
a zygomatic [quadratojugal] arch, and in the presence of a supratemporal arch, which is 
separated from the parietal bone by a supratemporal foramen.” 

Prof. Cope thus reaches the conclusion that there are four types of crania repre- 
sented in the Permian Reptilia, which he distinguishes as follows : 


Temporal roof uminterrupued, <6... cis co oc vas ole uote eens nana ee Cotylosauria. 
A zygomatic arch, but no distinct supratemporal or supramastoid arches...... Theriodonta. 
Ay Pomaticand supratemporal arches... saree teenie eet ee Diopeus. 

No zygomatic: ‘a supratemporal archy, .7.. sis) eels se eee een eee Anomodontia. 


Discussing the parietoquadrate arch, Prof. Cope remarks: “The parietoquadrate 
arch is a later appearance in geologic time. It is not present in any of the Permian 
orders.” 

In 1897, Baur and Case* showed that the Pelycosauria possess two temporal arches, 
an upper postorbito-squamosal and a lower quadratojugal arch, besides the parieto- 
quadrate arch. They also demonstrated that the Pelycosawria are specialized Rhyncho- 
cephalia, which die out during the Permian, and cannot be the ancestors of the Mam- 
mala. 

Shortly before his death, Prof. Cope” wrote a review of this paper with discussions, 
which was published in the American Naturalist of April, the last number he edited. 


THe PELYCOSAURIA FROM THE PERMIAN OF FRANCE. 


The first remains of Permian Reptiles, which we consider as Pelycosaurian, were 
described in 1856 by Coquant,”° and later redescribed and figured by Gervais.” 

They consisted of an upper jaw of a Reptile, found near Moissey, which was con- 
sidered by Coquant as belonging to Protorosaurus. It is preserved in the Museum of 


*Procolophon Ow. is also placed here. 
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Besancon. Gervais has examined these fossils and has given figures of them. “La 
piéce (Fig. 29) est longue de 0.065 m.; elle se compose d’un fragment considérable de la 
maxillaire gauche, portant une dent caniniforme suivie de huit cuitres dents plus petites et 
décroissantes dont la premiére est & quelque distance de celle qui par sa grandeur et sa forme 
peut étre considérée comme une canine. Les dents sont comprimées, subcultriformes, trés- 
faiblement stri¢es longitudinalement, 4 bords antérieur et postérieur subtranchants, mais 
non denticulés en scie. Cette de ces dents qui occupe la position antérieure est aussi la 
plus grande et elle est comparable a une canine, distante de la premicre de celles qui 
suivent d’une longueur de 0.010. Sa hauteur, audessus du bord du mavxillaire, est de 
0.020, et sa longueur, a la base, de 0.007. La plus grande des dents qui la suivent n’a 
que 0.010 de fit. Les dents placées aprés celle-la vont en décroissant. On se rendfort 
bien compte de la disposition des dents placées en arriére de la canine et de leur grandeur 
décroissante par linspection de la contréempreinte du méme morceau (Fig. 30). 

“On y voit, en avant de la canine, l’indice de quatre autres dents subégals entre elles, 
dont la quatriéme, en comptant d’avant en arriére, est sensiblement écartée de la canine 
elle-méme, comme lest d’ailleurs la premiére des dents de l’autre série. Les dents 
étaient a peu pres, triangulaires a leur couronne, et leur forme ¢tait assez peu différente de 
celle des dents placées en arriére de la canine. Les quatres empreintes de dents, celle de la 
canine et celles des huit dents qui suivent cette derni¢re, occupent ensemble, une ligne 
courb dont lV’are mesure 0.085.” 

Gervais denies the identity of this fossil with Protforosaurus; according to him it 
seems related to the Geosawrs, and he names it provisionally Geosawrus (?) cynodus. 

It is evident that it is no crocodile; it can only be compared with the Pelycosauria, 
It seems to be different from Stereorachis Gaudry. 


Stereorachis dominans Gaudry, 1880. 


The genus Stereorachis, from the Permian of Autun, was first described by Gaudry” 
in 1880. A more complete account with figures appeared in 1883.” 

Of Stereorachis the following remains are preserved: The lower jaw about 1385 mm. 
long is in very poor condition; thirteen teeth are present, the most anterior one is the 
largest. The maxillary is partially preserved, exhibiting nine teeth, the two first ones being 
the largest. The vertebree were deeply biconcave, with the notochordal canal persistent. 
The clavicles and the interclavicle are Pelycosaurian in shape. The interclayicle 
especially resembles that of Dimetrodon as figured by Cope. Remains of scapula and 
coracoid are present and a number of ribs. The humerus is also typically Pelycosaurian. 
Very fine abdominal ossicles are preserved, showing that some Pelycosauria had a yentral 
plastron like Sphenodon, Paleohatteria and Kadahosaurus. 
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Gaudry did not make any remarks about the relationships of Stereorachs. Zit- 
tel in 1888 placed it among the Stegocephali: “ Unterordnung Stereospondyli. 
Vollwirbler, 1. Familie Gastrolepidoti, Bauchschupper.” Lydekker*® was the first who 
gave the right position to Stereorachis, among the Thervodontia in the family Clepsy- 
dropside Cope. Zittel®® followed him in his Grundziigen der Paleontologie, 1895, 


Callibrachion gaudryi, Boule and Glengeaud.” 


Callibrachion is the name applied to a very nearly perfect specimen from the Per- 
mian of Autun. It has many of the features of the Permian Reptiles and was compared 
by the authors with the Palwohatteria of Credner. That it belongs among the Pelycosau- 
ria there is little doubt, though the presence of proccelus and opisthoccelus vertebree is 
an unwonted character in the group, and if their presence is established in the specimen 
may lead to a revision of its position. The authors say of the specimen, p. 15: “Le 
Callibrachion a beaucoup plus d’affinités avec le Reptile du Rothliegende de la Saxe que 
M. Credner a appelé Paleohatteria. D’aprés ce qui est conservé de la téte de notre 
spécimen, nous pouvons croire que les cranes des deux animaux étaient fort ressemb- 
lants. La division de la machoire inférieure en plusieurs éléments, la forme des 
dents, leur ordre de distribution suivant le grandeur a la machoire supérieure, sont des 
traits communs. Dans les deux fossiles les centrums ¢taient séparés des ares neuraux, 
dépourvous d’apophyses transverses, et la notochorde persistait au centre des corps verté 
braux. Les pattes étaient également bien développées et disposées sur le méme plan. 

“Mais a la cdté de ces ressemblances, nous pouyons notre quelques différences. Les 
vertébres du Callibrachion présentent une procélie bien marquée et les premiéres ver- 
tébres sont opisthocéles.” 


PELYCOSAURIA FROM THE PERMIAN OF AFRICA. 


Owen” described in 1859 Glalesaurus planiceps and Cynochampsa laniaria from the 
Beaufort Beds of the Karoo System and placed them in the family Crocodilia. In the 
final paper these Reptilian remains are figured but not referred to the Crocodilia. In 
the second edition of his Paleontology (1861) Owen*® placed these two genera in a new, 
third family of the order Anomodontia, with the name Cynodontia. This is his classifi- 
cation : 

Order Anomodontia. 


1. Family Dicynodontia—Dicynodon Ow., Ptychognathus Ow. 
2. Family Cryptodontia— Oudenodon Ow., Rhynchosaurus Ow. 
3. Family Cynodontia— Galesaurus Ow., Oynochampsa Ow. 


The family Cynodontia is thus characterized : “A pair of teeth in each jaw, resem- 
bling in shape, position and relative size to the other teeth, the canines of carnivorous 
mammals, and dividing the incisors from the molars.” 
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Haeckel*® in 1866 divides the Anomodontia into three families : 


1. Rhopalodontia—Rhopalodon, Permian Russia. 
2. Dicynodontia—Dicynodon, Ptychognathus. 
3. Oryptodontia—Udenodon, Rhynchosaurus. 


The order Theriodontia was established by Owen* early in 1876. It was to contain 
- Galesauwrus and Cynochampsa and the new South African genera Lycosaurus, Tigrisu- 
chus, Cynosuchus, Nythosaurus, Scaloposaurus, Procolophon, Gorgonops, as well as the 
genus Cynodraco. He remarks: 

“For the name of these extinct carnivorous Sawrians I find it convenient and believe 
it will be generally acceptable to form a distinct order of Reptilia under the denomina- 
tion of Theriodontia, with the following characters: Dentition of the carnivorous type ; 
incisors defined by position, and divided from the molars by a large laniariform canine 
on each side of both upper and lower jaw, the lower canine crossing in front of the 
upper ; no ectopterygoids ; humerus with an entepicondylar foramen ; digital formula of 
fore foot 2, 3, 5, 3, 3 phalanges.” 

In 1878 appeared Owen’s Catalogue of the Fossil Reptilia of South Africa.™ The 
Order Theriodontia is now defined in the following way : 

“Char. Dentition of the carnivorous type ; incisors defined by position, and divided 
from molars by a large laniariform canine on each side of both upper and lower Jaws, 
the lower canine crossing in front of the upper as in Mammalia.” 

The Theriodontia are divided in three sections. 


Section Binarialia. 


The external nostrils are divided by a narrow partition ; the entire skull has a com- 


pressed form. 
Genera Lycosaurus Ow. Species L. pardalis Ow., L. tigrinus Ow., and L, eurvimola Ow. 
Tigrisuchus Ow. Species 7. simus Ow. 


Fam. Mononarialia. 


In this family of Theriodontia the external nostril is single or undivided, and the 


incisors exceed three in number in each premaxillary. 


Genera Cynodracon Ow. Species C. serridens Ow., C. major Ow. 
Oynochampsa Ow. Species C. laniarius Ow. 
Oynosuchus Ow. Species 0. suppostus Ow. 5 
Galesaurus Ow. Species G. planiceps Ow. 
Nythosaurus Ow. Species NV. larvatus Ow. 
Scaloposaurus Ow. Species S. constrictus Ow. 
Procolophon Ow. Species P. trigoniceps Ow., P. minor Ow. 
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Fam. Tectinariala. 
Genus Gorgonops Ow. Species G. torvus Ow. 


In 1881 Owen® described a new genus, @lurosaurus felinus, from South Africa, 
which he considered as a member of the Theriodontia, belonging to the “ Mononarial 
Section.” The animal presents the elevated facial region of the Pelycosauria, with the 
convex alyeolar border of the upper jaw and the posterior position of the orbits. The 
teeth are differentiated as in most all of the South African Reptiles. The posterior portion 
of the cranium is lost and was later restored by Seeley“ as an elevated region. ‘There is 
much more probability that it was depressed by the quick descent of the temporal bones 
to join the depressed quadrate as in the American forms. Only the skull of the form is 
known. 

In this paper Owen adds certain characters to the order Theriodontia. He says: 
“To the characters of this order given in my Catalogue of the Fossil Reptilia of South 
Africa, viz., ‘ Dentition of the carnivorous type, incisors laniariform, canine on each side 
of both upper and lower jaws,’ may now be added ‘dentition monophyodont.’ Add to 
these characters ‘humerus perforated by an entepicondylar foramen.’ ”’ 

In 1889 Seeley“ discussed the whole group Anomodontia and their relations to 
the other Permian Reptiles. He says of the Pelycosauria, p. 282: “There are few data 
for judging of the systematic value of the Pelycosawria. But in view of the fact that 
the Anomodontia was originally made to include animals which are allied to the Pelyco-* 
sauria, supposing that group to be well founded, it seems more in accordance with usage 
to class these animals with the Anomodontia than to adopt a new name like pele RO 
_ for a well-known ordinal type. ; ; 

“There is need, however, that the distinctness of the Cee should be estab= 
lished. The tibiale and the centrale are said to unite to form an astragalus which 
has no movement on the tibia. One face of the astragalus receives the cuboid. 
Subsequently an entire carpus was figured, which has a very mammalian aspect. It is 
Roam as referable to Clepsydrops eee Cope, and is eee as” vee? ie 


cult to judge of its arora ne Ae nice appear to be more ie 
of the Crocodilian tarsus, for the bones of the distal row ar 
ae Is ee ees in anya a the » Anomodonti 
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modont, this ground of ordinal distinction fails. Similarly the mode of ossification of 
the intervertebral substance presents many types among the Anomodonts, one of which, 
already figured by Sir Richard Owen, might be regarded as notochordal. What the 
value of the intercentra may be I am unable to say, as they have not been figured; but 
intercentra, as I understand them, are not unknown among the Anomodonts. 

“The remarkable vertebral column with the elongated neural spines referred to 
Dimetrodon is apparently unlike any known Anomodont, but the elongation of the neu- 
ral spines in certain of the Wealden reptiles, like (?) Hylewosaurus, is not considered to 
militate against their position in the group to which they belong. And it may be 
doubted if the more extraordinary neural spine of Naosawrus, with its transverse 
branches, has any greater classificational value, since the transverse branches are the only 
characters by which the author separates Vaosaurus from Dimetrodon. In Theropleura, 
which is also described as having elevated neural spines, abdominal rods are found. In 
a further discussion of the subject the author still considers Hmpedias as a member of the 
Pelycosauria.” 

In a scheme of classification given the Pelycosauria are regarded as a doubtful 
group near to Lycosaurus and Dicynodon. 

In 1895 Seeley® divided the Anomodontia into three great divisions, the Thero- 
suchia, Therochelonia and the Mesosauria or Proganosauria. The Therosuchia is defined 
as follows: “The palatine and the transverse bones of the palate are produced outwards 
and usually downwards, in an arch, which abuts against the inner side of the mandible. 
This character defines the group from the Dicynodonts, the Mesosaurs, Nothosaurs and 
all fossil groups of reptiles. There are more or less completely divided heads to the dor- 
sal ribs. A foramen of variable size occurs between the ischium and the pubis. The 
ilium extends on both sides of the acetabulum.” 

The classification here given is as follows : 


“ Therosuchia comprise : 


Pareiasauria. 
Procolophonia. 
Gorgonopsia. 
Dinocephatia. 
Deuterosauria. 
Placodontia. 
Lycosauria. 
Theriodontia Cynodontia. 
Gomphodontia. 


Endothiodontia. 


Pelycosauria. 
Theromora Y 


Cotylosauria. 
Kistecephalia. 
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“ Therochelonia comprise : 
Dicynodontia. 
 Mesosauria or Proganosauria : > 


Nothosauria (2)”’ 


In a footnote the author says of the Theromora: “This group has no authority at 
present and is subject to future definition.” 


PELYCOSAURIA FROM THE PERMIAN OF RUSSIA. 


In 1838 Kutorga® reported the discovery of vertebrate remains on the west 
slope of the Ural mountains. He considered the remains to belong to mammals and 
thought that the rocks were of Carboniferous age. Several genera were described, 
Brithopus, Orthopus and Syodon. 

In 1841 Fischer de Waldheim* described from the same locality a new genus, 
Rophalodon, which he characterized as follows: “ Gesteilte Zihnen mit hohlen Stielen 
und mit soliden keulenformiger Krone. R. Wagenheimi, mit vorn gehielten Zahne, der 
kiel geziihntey KR. Mantelli, mit langsgefurchten Zihne.” 

In 1842 the same author described a second genus, Hurosaurus, from the same 
material that had been used by Kutorga in his description of Orthopus. 

In 1845 Wagenheim yon Qualen* announced in a letter to Fischer the dis- 
covery of a specimen in the Russian deposits, which he considered a Carboniferous plant 
related to Pecopteris. This specimen was recognized by Fischer as a skull and described 
by him” in the Bull. of the Soc. of Moscow as Dinosaurus Murchisonir. 

In 1848 Eichwald™ more fully described the forms Rhophalodon Wagenhevme 
and Dinosaurus Murchisonii. The latter genus he regarded as a synonym of the first. 
Two new genera, Deuterosaurus and Zygosaurus, were described in the same paper. . 

In 1857-1858 Herman yon Meyer” described a few forms from the Permian of 
Russia and later a second article discussed the same specimens more fully.™ 

In 1860, in his Lethe Rossica, Eichwald* described all the known genera from 
the Russian Permian. He regarded all the Reptilian forms as belonging in two genera 
only, Rhophalodon and Deuterosaurus. He gave the following classification : 


Fam. Theriodontisaurier. 


Genus Deuterosaurus. 
Rhophalodon. 


Fam. Labyrinthodonten. 


Genus Hurosaurus. 
Zygosaurus. 
Archegosaurus. 
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In 1880 Twelvetrees” discovered a skull and humerus in the same deposits from 
which the earlier Russian fossils had been taken. The skull was of a Labyrinthodont 
which he called Platypodosaurus, and the humerus he referred to Owen’s Theriodontia. 

In the same year the same author described” the genus Cliorhizodon, and two years 
later, in an article in the Geol. Mag.” described teeth referred to the genera Cynodraco 
and Deuterosarus. 

In 1876 Owen® published a review of the Permian reptiles, in which he discussed 
most of the Permian forms. 

In 1883 Trautschold® described the remains preserved in the collection of the 
University of Kasan. Two new genera were described, Platyops and Trematina. 

In 1894 Seeley” discussed and figured the two principal genera of the Permian 
deposits of Russia, Rhophalodon and Deuterosaurus. He considered that of all the forms 
described from this region there are only two types. He says, p. 664: “The remains 
with a Theriodont dentition show two generic types, which are indicated by the skulls. 
They are defined as Rhophalodon (Fischer, 1841) and Deuterosaurus (Kichwald, 1848). 
Kutorga had previously founded Brithopus on the distal end of a humerus; Orthopus on 
the proximal end of a humerus; Syodon was based on a tooth. Fischer in 1847 
separated Dinosaurus from Rhophalodon by dental and cranial characters. It is probable 
that the separation was based on sufficient evidence. And, although there is no con- 
clusive association of parts of the skeleton to support the reference, it seems to me not 
improbable that Brithopus is identical with Deuterosaurus. That Orthopus includes 
Syodon, and the type of Rhophalodon, while the remainder of Rhophalodon corr RU 
with the genus Dinosaurus, as conceived of by Fischer.” 

These two forms he considers as belonging to the Anomodontia, but constituting a 
separate suborder described as follows, p. 715: “The Deuterosauria are defined as 
Anomodontia, distinguished from the other known groups by having (1) the palato-nares 
divided by the vomer and without having any hard palate extending over them. (2) 
The canine teeth are serrated (and large) with incisor teeth in front (in Deuterosaurus) 
and molar teeth behind. There are temporal vacuities and a pineal foramen. (3) There 
is no facet for the head of a rib on the (middle dorsal) vertebra, and no proof that it 
was attached between any two centra in any vertebre ; the tubercle is attached to the 
transverse process. The lower dorsal ribs have no antero-posterior expansion. (4) 
There are two sacral vertebrae anchylosed. (5) The ilium has a small crest without con- 
spicuous anterior development. The acetabulum is imperforate, as in the Dicynodontia 
and the Ornithosauria. 'The limbs and the shoulder girdle are strong. (6) The scapula 
is flat. 


The two genera appear to be the types of two distinct families, Deuterosauride and 
A. P. 8.— VOL. XX. E. 


34 THE HISTORY OF THE PELYCOSAURIA, WITH 


Rhophalodontide, distinguished by the structure of the temporal region of the skull, 
which has a median crest in the former, and is roofed over on the superior surface in the 
“latter. In the former the incisor teeth are strongly developed; in the latter serrated, 
lanceolate molars are strongly developed behind the canines. 


Deuterosaurus. 


Has the skull compressed from side to side, with large transversely compressed 
incisor teeth. The lachrymal bone is greatly developed. The postorbital arch is deep, 
and situated below the orbit. The quadrate bone is large and developed below the 
foramen magnum on the type of Placodus. The vertebre are biconcave. The ribs are 
long. The sacral ribs are well developed. The scapula is expanded at its free end. 
The pubis and ischium diverge from below the acetabulum ; there is a supra-acetabular, 
articular wedge on the ilium. 


Eehophalodon. 


Has the skull more elongate and less deep, with the superior temporal vacuities 
roofed with bone. The orbit is relatively far back and defended with a circle of sclerotic 
bones. The incisors are clearly evidenced. ‘The canines are large. The lanceolate 
molar teeth are of the Megalosaurian type. The vertebrae are biconcave. The scapula 
is concaye on its borders, without conspicuous expansion at the free end. The pubis and 
ischium do not manifestly diverge ventrally, there may be a supra-acetabular articulation 
on the ilium.” 


PELYCOSAURIA FROM THE PERMIAN OF BOHEMIA. 


In the first volume of the Fauna of the Gascoal, Fritsch® described a specimen 
that he supposed to be a portion of the border of. the pectoral fin of a fish. Later in a 
supplement to the third volume of the same work” he recognized the nature of the sup- 
posed spine and described it as the neural spine of new species of Cope’s genus Naosaurus, 
NV. mirabilis. This is the only reptile from the Permian deposits of the Bohemian 
region. 

In 1895 Fritsch” described new forms from the same horizon. <A figure of a 
dorsal vertebra and spine of the same species as before described is figured. There is no 
description beyond the statement of the length of the spine. “ Dieselben besitzen eine 
13fache Liinge des Wirbelkérpers und erreichen eine Linge eines halben Meters.” It is 
still considered as the single reptile of the horizon. 
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(3) 
Or 


DESCRIPTION OF THE SKELETON OF DIMETRODON. 


The general shape of the skull can best be seen from the figures. There are two 
temporal arches ; an upper, postorbito-squamosal arch, and a lower quadratojugal arch. 
There is, of course, also a parietoquadrate arch. 

Seen from above the following openings are found in the skull: The anterior nares, 
far in front, bounded by the premaxillaries, maxillaries and nasals; the orbits, placed 
nearly vertically, and surrounded by the frontals, prefrontals, lachrymals, jugals, post- 
orbitals and postfrontals ; the swpratemporal fossw, bounded by the parietal, postorbital, 
prosquamosal and squamosal; the infratemporal fossw, formed by the postorbital, jugal, 
quadratojugal and prosquamosal. The pineal foramen is placed between the parietals. 
The posttemporal fosse are surrounded by the posterior parietal processes, the squamosal, 
the paroccipital processes and the supraoccipital. 

The premaaillaries (Pl. I, Fig. 1) are small, strong, paired elements. They are 
suturally united in the middle line, sending a slender process between the nasals. Behind 
they are united with the maxillaries and at the union a deep notch is present. Their 
anterior edge is rounded and carried upon a slender recurved process which borders the 
nasal opening anteriorly and joins the nasals above. The lower portion of the opening 
is formed by the posterior part of the upper edge of the premaxillary, which is excavated 
at the base of the superior process. Internally the two bones unite at their anterior 
edges and show faces for the anterior ends of the vomers. ‘There are three teeth in each 
premaxillary ; the anterior large and strong, followed by two smaller ones. The nasals 
(Pl. I, Fig. 2n) are long and slender bones, connected with the premaxillaries, maxil- 
laries, prefrontals and frontals. They are suturally united in the middle line, and 
diverging behind to enclose the pointed anterior ends of the frontals, which they overlie. 
Anteriorly they receive the posterior prolongations of the premaxillaries between them. 
Below they are united with the maxillaries and behind with the prefrontals. The 
frontals (Pl. I, Fig. 4) are paired. They are of peculiar shape. They form a very short 
suture with the parietals, reach in front between the posterior ends of the nasals and send 
out laterally slender processes which take part in the upper border of the orbit. The 
frontals are flat and narrow, showing that the skull was not very broad. They join the 
nasals, prefrontals, postfrontals and parietals. The parietals (Pl. I, Fig. 5) are very 
small and short. They are not suturally united with the supraoccipital, but by cartilage. 
Their posterior processes, which are first horizontal, but vertical at the distal end, join 
the squamosals. The parietals are connected with the frontals, postfrontals, postorbitals, 
squamosals, supraoccipital and paroccipital. The prefrontals (Pl. I, Fig. 3) are well 
developed ; they take part in the anterior and upper border of the orbit. They join the 
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frontals, nasals, maxillaries and lachrymals. The whole bone is bent upon itself at 


aright angle, producing an upper horizontal and lower vertical portion. The posterior 
Fig: 1. 


As Cela 


Skull of Dimetrodon, Cope. 
Fie. 2. Skull of Dimetrodon, Cope. 
Fia. 3. Skull of Dimetrodon, Cope 


' Side view. 
From above. 
From below. 
edge is rounded and 


thickened, forming the upper 
Just anterior to this 


anterior border of the orbital rim. 
there is a deep excayation, the preorbital pit. The bone becomes 
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quite thin, but there are no vacuities. The postfrontals bound the orbit above and are 
placed between the frontal, parietal and postorbital. They are approximately quad- 
rangular in outline. Posteriorly they are joined to the postorbital by a broad flaring 
suture, the ridge thus formed. marking the upper posterior angle of the orbital rim. The 
external edge, which forms part of the orbit, is thickened and rounded. The postorbitals 
(Pl. I, Fig. 7) take part in the formation of the orbit behind. They are united with the 
postfrontals and parietals above, send a posterior process to the prosguamosal. The post- 
orbital is crescentic in outline, thin antero-posteriorly and expanded laterally. The jugal 
overlies a large part of the posterior surface of the lower portion and receives the lower 
end into a notch on its inner surface, so that the postorbital takes little part in the rim of 
the orbit, but forms a large part of its posterior wall. A deep groove extends on the 
external side between the faces for the postfrontal and jugal and notches the rim. The 
groove ends internally against a ridge which supports a long posterior process bearing the 
face for the prosquamosal. Internal to this ridge there is a flat slightly sigmoid face for 
the parietal. 

The mazillaries are very large bones, very thin at the upper and lateral parts. 
They extend as thin plates far up on the side of the skull, reaching the lachrymals, pre- 
frontals and nasals. They form a large part of the inferior and posterior border of the 
nasal openings. Below they become suddenly very thick to contain the deep alveoli of 
the teeth. This thickened portion takes the form of a strong ridge on the inner face of 
the lower edge and extends from the anterior end nearly to the posterior. The lower 
edge is gently conyex downwards, anteriorly it is excavated by a deep notch, which marks 
the point of union of the maxillary and premaxillary. There are seventeen teeth in the 
maxillary. Two small ones occupy the maxillary part of the notch ; succeeding this are 
two large teeth, one just appearing, and finally teeth nearly equal in size, but much 
smaller than the canine. The canine is directed nearly straight downwards, more convex 
on the outside than the inner and has well-defined anterior and posterior edges. The 
succeeding teeth are nearly uniform in size except the last few, which diminish rapidly. 
They are stout, quite strongly recurved and have strong antero-posterior cutting edges 
which are finely serrated. The maxillaries are joined with the premaxillary in front, 
the nasal and prefrontal above, the lachrymal and jugal behind; at the inner rounded and 
thickened lower part is found a very distinct suture for the palatines. 


Measurements of Maarllary. 


M. 
Length (nearly complete)............ nance ot coma Boome eae cee HB OOR Ges 0.192 
Length of largest tooth from base....:............--..- MR Sceric: /eta.cs aM TeL VaR INTE S «Gina. @ 0.055 
Length of largest tooth from outer edge Of jaw ...eeeseeeeee eee e rece teen reece eeaes 0.040 
Breadth of the same tooth at base........ cece cece eee ete e renee tes anbigs angus ees 0.019 


Length of fifth tooth from outer edge............eecee eect sec eseeencseeeeereens sec UOUE 


> > 


38 THE HISTORY OF THE PELYCOSAURIA, WITH 


The lachrymals are large plate-like and very thin except at their posterior extremity. 
Here the orbital portion is thickened and pierced by one or two foramina. Below, the 
edge becomes very thick and strong and is inserted into the posterior edge of the maxil- 
lary. The lachrymals form the anterior lower part of the orbit. They are joined to the 
prefrontals above, the maxillaries in front and below, the jugals behind. 

The jugals (Pl. I, Fig. 6) are large and take part in the rim of the orbit, forming 
the lower and part of the posterior edges. The rim is marked by a sharp, elevated ridge. 
Below it is divided into two main parts. One running forwards and downwards joins the 
posterior edge of the maxillary. .The inner face of this arm is marked by a strong ridge 
bearing at its lower edge a strong articular face for the ectopterygoid. The second runs 
almost straight backward, becomes quite slender posteriorly and joins the quadratojugal 
by a squamous suture. The whole of the lower portion of the bone becomes quite thin. 
The upper posterior process is united with the postorbital. The jugals join therefore the 
following elements: In front the lachrymals, below the eS behind the quadrato- 
jugals and above the orbitals. 

The suspensorial region of the skull is composed of four elements: the quadrate, 
quadratojugal, squamosal and prosquamosal (Pl. I, Figs. 8, 9, 10). 


The guadrate is peculiarly flat and depressed. It is covered superiorly by the gqua- 


mosal, prosquamosal and quadratojugal. The squamosal, reduced distally to a broad, 
thin plate, is joined to the upper surface by a squamous suture, covering the inner por- 
tion. lLaterally it wraps around the inner edge of the quadrate and appears eco on 
the lower face. 


The outer part of the upper surface is covered by the Pee sate and fanaeade 


Jugal joining it by squamous suture. The prosquamosal lies just external to the squa-— 
mosal, but is soon separated from the quadratojugal, which is wedged in between them. — 


Superiorly the quadrate sends a process forward which extends between the squamosal 
and prosquamosal. The anterior end of this projection is incomplete, but possibly was 
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continued forwards to join the posterior plate of the pterygoid. The outer edge of the | 


projection is marked near its origin by a deep pit extending between the quadrate and 
quadratojugal. It represents the foramen between the quadrate and quadratojugal i in 
Sphenodon, Phytosaurus (Belodon) and Tchthyosaurus. y es iy ea Capes ; 


The articular face for the lower jaw consists of two" grooves lying at a lar rse wor 
the main axis of the skull. The outer is the 1 Jonge: 
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between prosquamosal and the quadrate. On the inferior surface a strong process runs 
inwards and covers a part of the external edge of the quadrate. This process is notched 
by the deep pit already described. Anteriorly the bone became very thin and underlay 
the prosquamosal for quite a distance. 

The squamosal joins the quadrate as already described. Externally it joins the pro- 
squamosals, the two bones meeting with everted edges to form a narrow ridge. The cranial 
end of the squamosal was connected with the distal ends of the parietals by a narrow 
squamous suture. 

The prosquamosal has been very largely defined in describing the other bones. The 
superior surface is marked by a prominent ridge, which curves forwards and inwards until 
it overhangs the ridge formed at the union of the squamosal and prosquamosal. The 
anterior process became very slender and narrow and joined the posterior prolongation of 
the postorbital, thus forming the upper temporal arch so characteristic for the Rhyncho- 
cephaha and the whole group of Archosauria. 

The bones forming the cranium are all preserved, free from distortion and in their 
natural position. The whole region resembles Sphenodon in many particulars, but the 
obliteration of many of the sutures makes it impossible to compare exactly the separate 
elements (Pl. I, Figs. 11-14). The cranium is formed by the union of the basioccipital, 
exoccipitals, supraoccipital, the petrosals and the very large paroccipitals. The basisphe- 
noid is completely free from the basioccipital. The connection was, without any doubt, 
by cartilage. 

The basioccipital forms the lower half of the occipital condyle. The lower part of 
the condylar portion is rounded, and the upper comes to a sharp point between the 
exoccipitals. The point of union between the three bones is marked in some specimens 
by a deep pit, the anterior prolongation of the chordal canal. The lower surface is con- 
verted into a shallow groove by two descending flanges of bone. ‘These meet laterally 
two other flanges from the paroccipitals, and the suture line is marked by a sharp con- 
striction. Anterior to the trough described the lower surface of the bone rises at an angle 
of nearly ninety degrees. This face is excavated near its centre by a funnel-like depres- 
sion, at the base of which lies the foramen for the Eustachian tube, as in the Crocodilia. 
This region is greatly swollen and contains the petrosals, though the sutures are entirely 
obliterated. 

The eaoccipitals form the borders of the foramen magnum, the basioccipital being 
excluded by their union below. The superior portions are very slender, and -form only 
a narrow surface around the foramen.. Inferiorly they become larger and form the supe- 
rior half of the occipital condyle. They are pierced near their posterior edge by the con- 
dylar foramina. 
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The supraoccipital takes no part in the borders of the foramen magnum, being 
excluded therefrom by the union of the exoccipitals in the median line above the opening. 
It is somewhat triangular in outline, with the apex downwards. This issomewhat blunted 
and rests on the united exoccipitals. The sides join the expanded proximal ends of the 
paroccipitals. The superior border consists of a broad surface for cartilaginous attach- 
ment with the parietals. 

The paroccipitals are very broad and massive proximally, but are produced in long 
distal processes. These processes project at a large angle from the posterior region of the 
skull and pass obliquely backwards, downwards and outwards. The distal articular sur- 
face is flat or slightly concave, oval in outline, and probably united to the quadrate by 
cartilage. The lower surface of these paroccipital processes is marked by two deep pits, 
separated by asharp ridge. The proximal portion of the paroccipital is much expanded ; 


above they are in union with the sides of the supraoccipital and bear at the superior — 


edges winglike expansions for the parietals. Below they are suturally united to the 
exoccipitals and basioccipital. The lower portions of the proximal ends give rise to two 
descending flanges already described as joining the basioccipital. The region anterior to 
this flange is deeply excavated and open, so that the foramen rotundum and ovale are 
freely exposed. 


Measurements of the posterior cranial region. 


M. 
Distance between distal ends of paroccipitals.......... Selb kg Sv Bde SEEDS Ee 
Distance between ends of paroccipital processes.......... AAO AAR OCOAR pc sooner. Ih 
Breadth of foramen magnum..........-.e0% Agt.owesage ween eee ia siege eostonate o-- 0.014 
Height of foramen magnum..... REA ACnCOCMOnoNM es sancoodcdconstdoodatogosdesce CIN) 
Breadth of occipital condyle............606 budodoercuocacnucods 203 is ree eet wove 0,022 
Height of occipital condyle........ Seonaeanoacaaet Seinen eae Ry eee i 5) 
Distance from top of supraoccipital to lower edge of condyle......... 7 ee Jag ewe 0.008 


The Saceenne (Pl. I, Figs. 13, 14) is broadly expanded ‘ietac old and contracts 


rapidly as it passes forwards, forming a neck just behind the closely approximated faces 
posterior is HEE Se on its upper edge by a a the continuation in ag 
_ like process fania ee in the groove deseribed ag mark ing Z 
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for the pterygoids, and ends anteriorly in a presphenoidal rostrum. ‘The expanded ha ce 
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reflected backwards, forming small facets looking up and out. Between the pterygoid 
processes a slender presphenoid rostrum rises and projects far forwards. This rostrum is 
thin laterally, expanded vertically, smooth and straight on the lower edge, roughened 
above. 


The foramina perforating the cranial region and the brain. 


The foramina penetrating the bones of the cranium in Dimetrodon are remarkably 
similar in position to those penetrating the same bones in Sphenodon. The condylar 
foramen transmitting the twelfth pair (hypoglossus) penetrates the exoccipital just ante- 
rior to the edge of foramen magnum. Its outer end opens in a notch (the incisura vene 
Jugularis Sieb.) in the side of the exoccipital. A little below and further forwards a 
second and much smaller foramen opens in the same notch ; this may transmit either the 
ninth or tenth pair of nerves or a minor blood vessel. Passing forwards the notch 
deepens and is very soon converted into a foramen by the adjacent portion of the paroc- 
cipital. This is the foramen vene jugularis of Siebenrock,® and transmits the jugular 
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___ vein and either the ninth or tenth nerves or both of them. In Sphenodon the foramen 
E ____ transmits not only these but the twelfth pair as well, the nerves being separated from 

iy, the vein by very thin walls of bone, and may be separated from each other or haye a 
: common canal. The opening of the twelfth pair into the notch which forms the begin- 
___ ning of the jugular foramen is then very similar to the condition found in Sphenodon. 

3 > The fenestra ovalis, Fig. 6, #. O., is a single opening leading by a very short canal 

directly into the brain cavity, a character found in fishes and the amphibian Menopoma 


and existing imperfectly in some recent Reptilia, as the turtles. The same thing is 
described by Cope as existing in another Permian reptile, from the same horizon as the 
present specimen, but belonging to a separate family, the Diadectide, and his order 
— Cotylosauria.® 

The foramina for the seventh (facial) pair of nerves appear on the outer surface of 
the petrosal just anterior to the fenestra ovalis (Fig. 6, 7). They are located relatively a 
- little further back than in Sphenodon. On the inner face of the same bone the foramina 
appear ab 1S side us the hes of ae brain need a ena: BAH to their eet open- 
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sphenoidea by the membranous wall of the anterior portion of the brain case, as in Sphe- 
nodon and many lizards (Fig. 5, 6). 

The deep pit excavating the lower surface of the basisphenoid is in all probability 
the lower opening of the Eustachian tubes. In most reptilian forms the tubes pass into 


iy 
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Fic. 4. Side view of a cast of the brain cavity. 
Fic, 5. Lower view of the basisphenoid. 
Fie. 6. Lower view of the cranial region. 
Fie. 7. Lower view of the cast of the brain cavity. 
5. The trigeminus nerve. 7. The facial nerve. 12. The hypoglossus nerve. Jw. The jugular foramen. 
Ty. Cast of tympanic cavity. Hy. Hypophysis. Hy.#. Foramen penetrating base of basioccipital. #. 0. Fenestra 
ovalis, J.C. Foramina for internal carotids. Hu. Opening of eustachian tubes. Cb. Cerebellum. 


the pharynx in the neighborhood of the basioccipital-basisphenoid suture and anterior 
to the fenestra ovalis. In the Crocodilia and the aglossal batrachians they have a common 
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opening into the mouth. In the present form the tubes probably penetrated the large 
mass of cartilage covering the otic region and the posterior end of the basisphenoid and 
found a common opening in the deep pit described. It is difficult to imagine the use of 
such an extensive cayity in the basisphenoid, but in the TZeleosauria an equally large 
cavity is found roofed over with bone. Anterior to this pit two foramina, Fig. 5, ZC, 
penetrate the lower surface of the basisphenoid bone and on its upper surface a large 
foramen appears just posterior to the origin of the presphenoid rostrum. Through the 
pair on the lower surface the internal carotid arteries enter the bone and through the 
upper it gains access to the brain cavity by way of the pituatary fossa. On either side 
of the single foramen a pair of small foramina carry branches of the internal carotid. 
All of these foramina are very similar in position to the same ones in Sphenodon. 

The cast of the brain cavity shows fairly well all parts posterior to the fifth pair 
of nerves, and the hypophysis anterior to-them. As is well known, the brain in the 
Reptilia does not fill the brain cavity, but is supported by a mass of connective tissue 
carrying lymph and fat masses, so a cast of the brain cavity does not give an exact copy 
of the brain ; however, many points can be brought out by such a cast. 

If the cast be held with the short terminal portion of the medulla horizontal, the 
lower surface pitches downwards at a sharp angle to a point anterior to the tympanic 
region and then ascends as sharply to the point of origin of the hypophysis. The supe- 
rior surface is horizontal and arched from side to side to a point over the tympanic cavity 
and there turns upwards at an angle of 45°. The angle thus produced is marked by a 
low, narrow ridge running across the cast and marking the position on the brain of a 
narrow and elevated cerebellum, Figs. 4 and 7, Cb., such as occurs in Sphenodon. This 
region was probably the seat of a large amount of connective tissue, and it is probable 
that the upper surface of the medulla descended at as sharp an angle as the lower. This 
would make still more marked the resemblance to Sphenodon and to the cast figured by 
Cope. This sharp bend of the medulla downwards is not found in other forms, though 
in the brain of Chelonia and some Lacertilia a bend is apparent. 

. The sides of the medulla show most posteriorly the beginning of the twelfth nerves, 
Figs. 4 and 7 (12), anterior to these the cast of the jugular foramen, Figs. 4 and 7, Jw., 
and finally the large casts of the tympanic cavity, Figs. 4 and 7, Ty. The nature of 
the matrix and the cavities prevented the tympanic cavities being cleaned so that the 
semicircular canals could be determined, but it is probable that they were very similar 
to those described by Cope. 4 

Anterior to the tympanic casts a sharp constriction marks the ridge defining the 
limits of the tympanic cavity and then a sharp outswelling the point of exit of the tri- 
geminus nerve, Figs. 4 and 7 (5). Near where these leave the body of the cast a small 
stub on each side marks the origin of the seventh pair, Figs. 4 and 7 (7). 
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The hypophysis is the most interesting feature of the brain. Descending between the 
anterior inferior process of the petrosal and turning posteriorly, it occupies a small 
notch in the posterior edge of the upper surface of the basisphenoid and then passes 
directly into the body of the basioccipital through the foramen mentioned. In the 
Crocodilia a somewhat similar condition exists. The basisphenoid is excavated for a con- 
siderable extent to accommodate the hypophysis. This makes it probable that the exca- 
yation of the bone is merely a secondary character to make room for the hypophysis, 
for in the Crocodilia the basisphenoid takes a large part in the floor of the brain-cast, and 
in the present form it is pushed so far downwards that it is excluded and the hypophysis 
encounters the basioccipital as soon as it turns toward the rear. 

Marsh” has described in the family <Atlantosawride of his suborder Sauro- . 
poda of the Dinosauria a condition in which the pituatary cavity becomes a canal 
perforating the basisphenoid and opening into the pharyngeal cavity, considering it an 
embryonic character such as exists in the chick at the fifth day of incubation. 

If the hypophysis occupied the entire cavity in the basioccipital it extended back 
nearly as far as the tympanic region and much further back than in most reptilian 
forms. In Sphenodon, the Crocodila and some amphibians it reaches well back, but 
not so far as in the present form. | 

Compared with Sphenodon, the specimen shows the following points of resemblance. 
The foramina for the blood vessels and nerves are almost identical in position and nature. 
The contour of the medulla and cerebellum was similar and the hypophysis extended 
far back. The only point of difference is the excavation of the basioccipital to receive 
the distal end of the hypophysis. The free communication of the tympanic cavity is 
a character which is found in many existing primitive forms and is of sey as impor- 
tance. 

The points here brought out confirm the close relationship of Pelycosauria to the | 
primitive Rhyncocephalia already asserted by Baur and Case.* 


The Palate. 
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The péerygoids (Pl. I, Figs. 15, 16) are lange b 
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edge is folded upon itself, forming a long and deep pit on the outer side. The edge is 
continued backwards horizontally, or even rising a little for nearly half the extent of the 
plate, and then falls off rapidly to join the inferior edge in a sharp point. The middle 
of this posterior edge is marked by a notch. It is possible that an anterior prolongation 
of the quadrate overlapped this part of the pterygoid, as it does in Sphenodon. 

The massive part stands out from the plate-like portions; supported by a rather 
stout neck, it expands distally and its external face extended below the line of the teeth 
and formed an opposing process to the coronoid of the lower jaw. The upper end of the 
distal portion is injured on both sides, but probably bore a face for the ectopterygoid, 
which must have been present, as there is a distinct face for such a bone on the inner face 
of the jugal where it meets the maxillary. The ventral edge of the ectopterygoid process 
is rounded and bears eleven comparatively large teeth, which are placed in distinct 
alveoles and replaced from behind. 

The anterior part is horizontal, the inner. edge excepted, which is turned vertically 
upwards. The inner edges were close together and were united in the anterior part. 
The lower portion is covered nearly completely with small conical teeth—those on the 
outer and posterior region are the largest. A groove extends between this tooth-bearing 
region and a ridge marking the origin of the vertical plate. There are a few small teeth 
in the groove, and the ridge also bears a series of small teeth. 

The pterygoids articulate with the basisphenoid processes just posterior to a point 
opposite the union of the ectopterygoid processes with the plate-like part. There are no 
faces on the pterygoid corresponding to those on the basisphenoid processes. ‘The union 
must have been by ligament. The connection between the posterior processes with the 
quadrate was also hgamentous. 

The palatines are strong bones, becoming more slender posteriorly. They are con- 
nected with the maxillary by their entire external edge by suture. The articular face is 
broadened and vertical. The inner portion of the ventral side of the palatines is covered with 
small conical teeth. The region bordering the posterior nares is preserved and deter- 
mines their position, their posterior ends being just behind the large canine tooth. 

The vomers are not preserved, but there are two small faces at the middle portions of 
the posterior line of the premaxillaries showing where they were attached. They were 
probably long and slender, paired and covered with small tubercular teeth. That the 
vomers were directly connected behind with the anterior processes of the piers 
excluding the palatines from the middle line, is very probable. 

The lower jaw is represented by three bones—the articular, codssified with the 
angular, the dentary and a third bone, probably the supra-angular. The dentary contains 
twenty-seven teeth, which are located on a thickened ridge in alyeoles. The first tooth is 
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slender and conical, slightly recurved. The succeeding two are nearly as large as the 
canine above; the remaining teeth are all small and recurved. The lower edge of the 
dentary is thin and marked internally with strong suture lines. The symphysis is short. 


The Vertebral Column. 


The vertebral column is represented by cervicals, dorsals and caudals. 

The cervical vertebra. The following cervicals are preserved: The atlas, with the 
exception of the neural arches, the axis, the third, the sixth, the seventh and the eighth. 
Two vertebra, the fourth and fifth, are missing. 

The atlas (Pl. TI, Fig. 20). The centrum is broad above, antero-posteriorly, | 
but below it is much contracted between the first and second intercentra. ‘The anterior 
face is divided into an upper and lower part by a compression of the sides opposite the 


= = 


opening of the chordal canal. The lower part is saddle-shaped, and the upper somewhat 


convex. There are no traces of transverse processes. The posterior face is hidden by 


the second intercentrum and the axis, but another specimen shows a large opening of the 
chordal canal, in contrast to a very small one on the anterior face. 

The first intercentrum, forming the lower piece of the atlas ring, is crescent shaped, 
with a broad lower rugose surface and a transverse concave keel above. The anterior 
face of the intercentrum is the largest, concave vertically and transversely, and lodges the 
lower part of the occipital condyle. The posterior face is convex from above downwards 
and oceupies the saddle-shaped lower half of the anterior face of the atlas. The first 
intercentrum shows at the distal end below a facet on each side for the articulation of the 
single-headed atlas ribs. 

The second intercentrum is similar to the first; the anterior and posterior faces are 
more equal. It is wedged in between the centra of the atlas and axis, and has the facets 
for the capitula of the axis ribs placed more to the middle of the posterior edge. 

In the axis the centrum is well developed; on the ventral side a keel begins to 
appear. The posterior face of the neural spine is greatly expanded vertically at the base — cai 
and greatly elevated. The posterior edge of the spine is thickened and divided by. a 

groove which forms a deep cavity between the well-developed zy gapophyses below. | ‘The ; 
apex is marked by a shallow triangular depression. The _prezygapophyses are very 
small, with the articular faces directed downwards. The ostzy gapophyses are 
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articular faces are nearly round. The transverse processes curve outwards and downwards 
as in the axis, but the distal end reaches much further ventrally and is below the neuro- 
central suture for about a centimeter. The spine rises vertically from the centrum to a 
height of .147 m. It is broad and stout at the base, but suddenly contracts a short dis- 
tance above it and ends in a slender rod curved slightly forwards. Between the 
bases of the preezygapophyses and the spine depressions exist, which become deep elon- 
gated pits in the dorsals. 

Now follows a gap of two vertebree. The sizth has a cylindrical body and round 
articular faces. The lower edges of the faces are extended ventrally, forming a slight 
E flange or apron, which becomes very prominent in the posterior dorsals. The middle 
portion of the anterior edges on each side are reflected, forming an articular face. The 
transverse processes are short and stout, and stand out directly from the body of the 
7 neural arch. The articular face looks outwards and slightly backwards. From the ante- 
4 rior edge of the face a narrow process, bearing an articular face, runs down to the face on 
the anterior edge of the centrum, This shows that in the cervical region the capitulum 

and tuberculum of the ribs were still united. 
The transverse process stands well above the centrum. There is a deep excavation 


. at its base, running back to the notch between the posterior zygapophyses and the posterior 
edge of the centrum. This is interrupted near its middle by a ridge running up to the 
posterior edge of the transverse process. Superiorly the transverse process joins imme- 
: H diately the preezygapophyses, which are interrupted by a deep notch near their base. The 
articular faces of the postzygapophyses look outwards and downwards and meet on a small 
keel below. The faces of the Dee yeapopbyses look inwards and upwards, and are slightly 
cupped. 
The spine is thin at the base and somewhat elongate antero-posteriorly, with a thin, 
he _ prominent ridge running up the anterior and. posterior edges. A few centimeters above 
its origin the spine becomes rounded and then flattened antero-posteriorly. The ridges of 
= lower part disappear on the rounded part and are replaced by shallow grooves above. 
_ The spine has already reached a great height. The part preserved measures .385 m. in 
uh eight, but this is only one-half of the spine. — : 
Bi): _ The seventh and the eighth cervicals (Pl. I, Figs. a1, 22) differ only in degree from 
a ties transverse processes become more slender and the face connecting the 
t apitular faces nearly disappears. The pits hore and below the 
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canal becomes very small in the middle portion. The descending flange at the lower 
edge of the articular face has become much deeper than in the cervicals. The distal end 
of the transverse process has disappeared, but the base shows that it stood well out from 
the body of the neural arch. The slender process from the tubercular to the capitular 
face is still present, but incomplete at the proximal end, it still bears a small facet. The 
pit between the base of the transverse process and the base of the spine has become very 
long and deep, its anterior end is closed as abruptly as the posterior by the rising of the 
connection between the anterior end of the base of the transverse process and the pre- 
zygapophysis. The excavation below the transverse process is partly filled by a 
swelling out of the base of the neural spine and is contracted into a pit at a point pos- 
terior to the base of the neural spine. At the base of the preezygapophysis, the anterior 
edge of the centrum supports two small processes, one on each side of the neural canal. 
These correspond to similar processes on the posterior edge of the preceding centrum. 
The spine is nearly complete, its shape is the same as described in the cervical region, a 
plan which persists throughout the whole series of vertebre. The spine is .872 m. long. 
or a little over twenty-five times the greatest diameter of the centrum. 

The second dorsal differs from the first in a slight intensification of the hae 
acters. 

The third and fourth dorsals are incomplete and injured by decay. A concavity of 
the sides of the centrum below the level of the chordal canal renders the keel ai thin 
and prominent. 

The jifth dorsal shows a complete transverse process on the right side. The base 
presents a pinched appearance due to the presence of two deep pits, one above and the 
other below the base of the process. The anterior edge of the process has become broad 
and is marked by a deep groove. The tubercular face looks backwards and downwards, it 


is broad above and sharp below; from this sharp, lower, edge a narrow face runs down 


and inwards for a short distance, it is the remnant of the face connecting the tubercular 
and the capitular faces in the cervicals. The anterior and the posterior faces of the 
centrum are inclined slightly toward each other below and the vertical profile is slightly 
sigmoid, conyex opposite the opening of the chordal canal and concaye below it. This 
leaves quite a space between the lower edges of the opposing vertebrae to accom odate — 
ab ae The TEMES hoes cr ae ic Poh Senet the artic aay 
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process ; the pits above and below it are deep and the supporting ridges are slender. The 
process stands out nearly straight from the base of the spine. 

The seventh dorsal closely resembles the sixth. The spine is practically complete ; 
it is over twenty-four times the greatest diameter of the centrum with a length of .830 m. 

The eighth dorsal shows a marked change in the transverse process which is directed 
forwards instead of straight outwards or backwards as in the anterior ones of the series. 
The distal end reaches in front of the anterior end of the centrum. The articular face 
for the tuberculum looks forwards and downwards, the face which formerly ran to join the 
capitulum has become a short process extending from one side of the tubercular face. 
The excavations of the side of the centrum haye inyolved more than one-half of the 
vertical height, limiting the rounded part to the walls of the chordal canal. The 
descending flange of the articular face occupies fully one-third of their height and the 
edges have become very thin. The profile retains the sigmoid outline. To the anterior 
face of the centrum is attached the slightly displaced intercentrum. It is crescentic in. 
outline and narrow from before backwards. The upper, concave part is divided into 
_ two nearly equal faces for the adjoining vertebree. The lower surface is rugose and the 
upper posterior edges bear well-defined facets for the capitula of the ribs. 

The ninth dorsal (Pl. III, Fig. 40) preserves both transverse processes entire. The 


- connecting face between the capitular and the tubercular faces has entirely disappeared 


on the left side and is very small on the right. The upper edges of the anterior faces of 


the transverse processes have expanded forwards to join the prezygapophyses and roof 


over a deep pit below. The spine is nearly perfect. It ends in a slightly expanded 
Tugosity. It is .863 m. long, or aE ee times the greatest diameter of the 


pe centrum. 
Nid 


a 


The tenth nl (PL. I, ite 26, 26) has a more compressed body, the base of the 
transverse PEoc ees is thin and ee pander. BLISEPROR TOON, The process curves forwards 


Bee ae below the anterior end and causes the keel to slant toward the rear. 


“~ 


: pass faces of the canis take up ey one-bali of the merical height 


‘The eleventh dorsal has a very deep and narrow keel. The descending flanges on 
Tie Rptenier 
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descending flange. Two intercentra preserved are broad and less completely crescentic ; 
they still show large faces for the capitula of the ribs. ) 

There is no trace of vertebree from the sacral region. 

Five anterior caudals are preserved (PI. I, Figs. 27, 28, 29). They have rounded 
articular faces with broad funnel-like openings of the chordal canal. The pre-and post- 
zygapophyses are somewhat elevated on the broad neural arches. The ribs are articu- 
lated to both the neural arch and the anterior edge of the centrum. The division 
is not complete into a capitulum and a tuberculum, but a deep groove on the posterior 
side of the proximal end nearly accomplishes this. They are doubtless free in the most 
anterior caudals. The ribs are short and slender. Those most anterior are the longest 
and leave the vertebra by a strong curve upwards. The distal end of each rib well 
below and in front of the anterior end of the centrum. The keels are low and rounded. 
The spines are incomplete, but were not, in all probability, so much elevated as in the 
dorsal series. The three most anterior of the preserved caudals are in the natural position 
and show that there was a considerable space between the lower edges of the centra. 
The spaces were filled by flattened intercentra with no facets for rib articulation ; they 
were however attached ligamentously to the capitular head of the rib as this projected free 
from the edge of the centrum. . 

Several small vertebrae are preserved from the distal end of the caudal series. They 
are slender and cylindrical, biconcave and without spines or transverse processes. The 
gradual reduction of the series shows that the animal must have had a long and slender 
tail. 

The scapula (Pl. II, Fig. 30) is falciform in outline. The body is elongate, 
expanded and quite thin distally. It is so bent upon itself near the proximal end that 
the main portion lay, in life, more nearly parallel to the vertebral column than perpen- 
dicular to it. The lower edge of this portion is concave upwards. The bone is very thin 
distally, but becomes thickened toward the middle of the shaft, due to the presence of a_ 
strong ridge running back from the posterior edge of the humeral face to lose itself 
on the distal end. A foramen penetrates the shaft just below the beginning of this ridge. 
The anterior and superior edges are injured by decay and are incomplete. Cope figures fe: 
the anterior and the superior edges as nearly straight and as spat ee a ple ee 
angle. He also figures a face for the clavicle near the distal end. U. 

eee canal nits ae pe ee to the fee obliquely ec cotgl 
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The coracoid (Pl. III, Fig. 30) is small, quadrate in outline, with a thin anterior 
edge. The lower edge is thickened and deeply notched near its posterior angle. The 
portion anterior to the notch was considered by Cope as the procoracoid. The posterior 
edge is concave from behind forwards and becomes swollen in the region of the scapular 
articulation. The union of the scapula and the coracoid was accomplished only late in 
life and was probably never perfect. 


Measurements. 
M. 
Total length of scapula and coracoid ,........... J@:NS- Nba RhoA AG eno Soa eG 
Hota RVeMotMOMCOLACOLMMertarerre neice: sloisiatcis crate sre siete f atio cele shales asics cide 8 sekarelarctel siaterere 067 
MotalMbread GHNOf COTaCOId rans a) wrsties ale 6 s'eie'sie 6 sie (ele.s 9 eie'e/enrisieieusie RG eray cle uses ove eke oatraiel alone .058 
Rotalspreadtimotudistalvendrotscapwlaunccesics ool aneey «+ dacs ses cee e se coe oe Mererelet 103 
Greatest extent of humeral face...............- pretereteverieietrtn esters aoe eiele) vaiete Soe sis nobao Ault) 


The femur (Pl. III, Figs. 36, 37) is_a strong and heavy bone, with well-developed 
articular surfaces. The proximal end is rounded posteriorly and deeply excavated 
anteriorly so that it is crescentic in section. There is no distinct head, the whole proximal 
end being rounded and thickened. There is a strong rugosity near the outer part of the 
convex posterior surface. The shaft is roundly quadrate in section. The distal end is 
divided by a deep groove into two strong rugosities, both bearing articular faces. The 
inner is the shorter and extends inwards at a small angle to the shaft. The articular 
face is almost entirely on the posterior surface and looks more backwards than downwards. 
The face is elongated yertically and notched on its inner edge by an extension of the 
popliteal space. The outer tuberosity is longer than the inner and is directed downwards. 
It bears two articular faces, one on the posterior surface, looking almost directly back- 


_ wards, is nearly square in outline, the other is apparently for the head of the fibula ; it is 
largely on the lower surface of the tuberosity and joins the posterior face by a narrow 


neck near its external side. 3 
eran jo o7 Measurements. 

. M. 
Total Lae C MMM eee pote Ons eon ceaccbeva crete coe ene? BD’ . eeeeoer eee reese ae .220 ; 
‘re Breadth of proximal end........ A docooccocobodbao acer Perera tte saanes sss Fone eciOte 
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and ends below by recurving sharply to the shaft. The lower end does not lose itself 
entirely on the shaft, but remains as a low ridge running down and inwardly to form part 
of the bridge over the entepicondylar foramen. 

The distal end is expanded at nearly a right angle to the proximal end. The ulnar 
condyle is rounded, smaller than the radial, and somewhat diagonally placed on the outer 
extremity of the distal end. The face is unequally divided into two facets by a low 
ridge. There is no deep anconeal pit on the posterior face of the bone. The radial con- 
dyle, largely on the anterior face of the bone, is divided into a prominent, rounded exter- 
nal portion and an inner saddle-shaped portion. - The inner portion bears no articular 
face, but is prominent and rugose. The entepicondylar foramen is situated near the 
upper part of this inner expansion and is enclosed by a strong bridge, the extension of 
the ridge upon the shaft of the bone. Above the ulnar condyle a deep notch represents 
the ectepicondylar foramen. 


Measurements. 


M. 
Total length.....<.. be 54's 08159.4,0 6 9 0s als ales aperseaie age Tame es teme oes ABU GO OUT Ono AEA GOGC .181 
Greatest. breadth at distal end .....0.% 2. 2.2. scleisietele/aicielet ciecs Cherie s tree ee aera neetetan 117 
Greatest breadthvat proximalend,:...-- 1. sere ees eee Pie cele aero niertearclate aoe Aue 
Diameter of shaft at centre anc. ceseics 160 ce eee ehtere oe eee alal nats alrite AEE eae Le .024 
Projection of deltoid ridge ...... PAAOCURGOONAac CHO naACondodse Mal sfaleietel- termi ace tiiietorehetals .035 


The wna (Pl. II, Figs. 34, 35) is a slender bone, somewhat longer than the 
humerus, with a flattened shaft. The shaft becomes gradually smaller toward the distal 
end and then expands slightly again. The proximal end is excavated on its anterior 
face by a deep fossa looking, in the natural position of the bone, upwards as well as for- 
wards. This cavity is divided by a low ridge into two facets, the larger looking forwards 
and the smaller and external one looking slightly outwards. This cayity is carried onto 
the upper face of the bone and divides the inner and outer portions of the proximal end. 
These extremities are produced above the articular face and form the olecranon process. 
The outer is the largest and curves inwards, presenting a convex, rugose surface. The 
distal end of the bone is divided into two distinct articular faces. 


Measurements. 
M. 
ots cleneth.< ass-avrmeca. eee fare drole a atevote oes hele eke atdhatdl ce olale.cbeteeretn Ca Set Metey <0 6" .202 
Greatest breadth at @istaliend soe se secs eae eee sti Sters tale sleet een cre «3 .037 
Greatest breadth at proximal end.......... SRA Bde ode SATE. < whe Ccteacastieton 2 cedtopmece Un 


| The radius (Pl. III, Fig. 33) is curved and shorter than the ulna. The shaft is 
lenticular in section with the edges becoming sharp and prominent toward the distal end. 
The proximal end is expanded and the articular face for the humerus is deeply concave 
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and somewhat crescentic in outline. The distal end is less expanded and the single 
articular face is a shallow pit, oblong in outline. 


Measurements. 

‘, M. 
otal lemethssadsae sete. 6) Sinbior hohe eaNe ie ar eee ear Menesee crete eee e ests seers oe .146 
Greatest breadth proximal end........... bie steaihts His deehtelee A eae Oe Reh re wee GM vies 6 .042 
Greatest breadth distal end................ aise eigen apes oeuote SO OTS ON Coen ere 088 


| 

4 The édca (Pl. III, Figs. 38, 39) is greatly enlarged proximally. The shaft is slen- 
5 der and curved and the lower end is only moderately expanded. The cnemial crest is a 
’ . strong ridge separated from the body of the bone by a deep fossa opening on the outer 
i side. The fossa is continued onto the upper side of the bone as a deep pit which divides 
a the articular face into two unequal halves, connected at their inner ends. These halves 
a ‘are again divided by a low trochlear ridge running fore and aft. On the posterior sur- 
| face of the bone below the outer or fibular edge of the proximal end there is a strong, 
~~ rounded swelling. The distal end is semicircular in outline, flattened before and rounded 


behind. There is no indication of a division of the distal end into articular facets. 


a Measurements. 
; M. 
Be otal Teme thine orale arse oe sraiscte otete eveteust ox oy he cjoleeelenate 8 a's:3 ee eN itor Nase aaron eee NY, 
Breadth upper end from side to side .................. Meriter chats ei sig alcre scaiel > =. epedieces O72 
Breadiieuppemendarrompberoresbackieryreits erclita stort stale ie Jo olelg esis es eels se sidoce 051 
Greatest diameter of shaft at centre..............+--00% prereset sie stares noonaocHouodoGaG ales 
Greatest breadth of distal end «....... Baa aords sec accetd v6 SOTO COCR aD De raat . 044. 
CoNCLUSIONS. 


The description here given of the genus Dumetrodon, together with the described 
characters of the forms mentioned in the historical review, enable a fairly complete char- 
terization of the Pelycosauria to be given. 

Teeth differentiated into INCISOTS, canines and molars. Generally a diastema between 
nn incisor and the canines. The teeth without lateral cusps, but with the edges 
oat The MoD incisors and Ua canines of uae ee ian ele ipl a 
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of the skull, formed by a nearly vertical plate, concave from side to side, formed from 
the union of the exoccipitals, the supraoccipital, the basioccipital and the paroccipitals, 
the whole bearing a strong resemblance to the same region in Dicynodon. The upper 
and lower temporal arches both present ; very short in the antero-posterior direction. The 
parietal and the superior arch descend rapidly to join the posterior end of the lower arch. 
The superior temporal vacuity much smaller than the lower. The quadrate greatly. 
depressed and nearly enclosed by the surrounding bones. ‘The lower face of the quad- 
rate marked by two deep parallel grooves which received two corresponding processes 
on the articular bone of the lower jaw, thus limiting the motion of the lower jaw to the 
vertical plane. The nares open directly into the mouth at the anterior extremity. ‘The 
pterygoids, palatines and yomers are covered by many small teeth. The ribs are two- 
headed in the dorsal region, the capitulum attaching to the intercentrum preceding. The 
neural spines of the vertebra elevated or not. Limbs very short and strong. The humerus 
with an entepicondylar foramen and a notch representing the ectepicondylar foramen. 
The hind foot possessing both caleaneum and astragalus. A free centrale in the tarsus. 

Under the Pelycosauria, as here defined, it seems possible to place with a consider- 
able degree of certainty forms from all the regions which have furnished Permian yerte- 
brate fossils. The following are the genera comprising the group as well as can be made 
out at present : 


American forms: 


Clepsy drops. Metarmosaurus (doubtfully distinct). 
Dimetrodon. Archeobolus (doubtfully distinct). 
EHmbolophorous. Lysorophus. 
Theropleura (doubtfully distinct). Naosaurus. 
Bohemian forms : 
Naosaurus. 
French forms : 
Callibrachion. Stereorachis. 
tS Bak pie (2) 


Russian forms: 


Deuterosaurus, Cliorhizodon (2). 
Rhophalodon. 


South African forms : 


Alurosaurus, 


Cynodraco. 
Lycosaurus. 


Cynosuchus (2). 
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South African forms : 


Cynodontia.* Cynochampsa. 
Cynognathus. Nythosaurus. 
Galesaurus. Scaloposaurus. 
Tigrisuchus. 


There is little doubt that a considerable synonymy exists among the American 
forms. A majority of the genera were described from characters of the vertebra alone 
and were founded on isolated vertebrae or on small series from separate regions of the 
spinal column. Thus Lysorhophus was founded on the fact that the neural arch is sepa- 
rate from the centrum, and that the capitular articulation of the rib is confined to the 
preceding intercentrum. In Theroplewra the neural arch was free from the centrum and 
the capitulum of the rib was attached to the anterior end of the centrum. In Dimetro- 
don the “ capitulum extended downwards and forwards to the anterior end of the centrum, 
but (as far as observed) there is no facet.” In Hmbolophorous the capitulum of the rib 
is definitely described as joining the preceding intercentrum. As has been shown in the 
description of the skeleton of Dimetrodon, all of the conditions of the capitular articula- 
tion described in these genera are found in different parts of the column of the single 
specimen. The freedom or attachment of the neural arch within the group is hardly 
more than a character of age. Metarmosaurus was founded on the shortness of the 
centrum and the absence of the capitular face, exactly the conditions that are found in 
the posterior lumbar and the anterior caudals of Dimetrodon. There is little doubt that 
many of these genera are well founded, but only the consideration of a large amount of 
material will make it possible to clear up the synonymy. 

The position of Theropleura is doubtful from the fact that the teeth are said to be 
the largest in the middle of the molar series, a character that is not common in the 
Pelycosauria, and is quite common in the American forms of the Pareiasauria. The 
same thing is true of the Russian form Deuterosaurus. 

In our preliminary paper * the affinities of the Pelycosauria were discussed, as follows : 

“There cannot be any doubt that Dimetrodon is nearest to the Rhynchocephalia and 
Proganosauria (Paleohatteriide). The structure of the skull, the vertebral column, and 
the humerus are of the same type. The presence of a distinct squamosal and prosqua- 
mosal is of special interest. The same condition we find in Sapheosaurus H. vy. Meyer 
(Sawranodon Jourdan) of the Jurassic Sapheosauride ; and there is very little doubt that 
these two elements are also present in Paleohatteria Credner. The bone marked squa- 


*The group Cynodontia was considered by Seeley as worthy of separation from the remainder of the forms 
by the development of lateral tubercles on the teeth. To this character may be added the union of the superior 
and the inferior temporal arches, and the more or less complete obliteration of the superior temporal foramen. 
The Cynodontia are so close to the other forms of the group that it is impossible to separate them off even as a sub- 
order, but they certainly do demand recognition for the advance in the development of the teeth and of the condi- 
tion of the cranial arches toward the type of the Gomphodontia. 
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mosal by Credner is the prosquamosal ; the true squamosal must have been free, and con- 
nected with the parietal processes. 

“Tn Sphenodon the maxillary forms the lower boundary of the orbit ; in Paleohatteria 
and Dimetrodon, the jugal excludes the maxillary from the orbit. The vertebree with the 
well-developed intercentra, the ribs with the double articulations, can only be compared 
with those of the Rhynchocephalia and Proganosauria (Paleohatteriide). The presence 
of a free central bone in the tarsus of the Pelycosauria is an original character, which is 
shared only by the Palwohatteriide and Proterosauride ; but in the Paleohatterude 
tarsals 4 and 5 are free, in Proterosaurus and Dimetrodon they are united, to support 
metatarsal 4 and metatarsal 5. The humerus of Dimetrodon can be directly reduced to 
that of Sphenodon. The entepicondylar foramen is well developed in both; the ectepi- 
condylar foramen of Sphenodon is represented by a very distinct ectepicondylar groove in 
Dimetrodon. 

“The specialization of the Pelycosauria consists in the enormous development of the 

_ neural spines of the dorsal vertebrae, and in the reduction of the upper part of the quad- 
rate and its nearly complete inclosure by the squamosal, prosquamosal and quadratojugal. 
It is quite evident, that the Pelycosauria with the two temporal arches and the specialized 
neural spines cannot be the ancestors of Mammals; they represent a specialized side 
branch of a line leading from the Proganosauria to the Fehyrahocep la ae which becomes 
extinct in the Permian. 

“The Mammals have a single temporal (zygomatic) arch; the posterior nares are 
placed far behind, and are roofed over by the maxillary and pterygoid plates; the quad- 
rate is completely co-ossified with the squamosal and quadratojugal ; the occipital condyle 
is double, the entepicondylar foramen is present in all the generalized forms, The 
ancestors of Mammals must show the same condition. 3 

“Seeley “ has combined a number of Permo-triassic Reptilia from South Africa into- 
an order which he calls Gomphodontia. These Reptiles are: Tritylodon Owen (always 
so far considered a Mammal), Diademodon Seeley, Gemnlysae ia ia: Mi ead 
don Seeley, and Trirachodon Seeley. a : 
| “Tn Gomphognathus we have a double occipital condyle; erhe pete nares are 
placed far behind and are roofed over by the maxillary and pterygoid plates, and there - 
is an entepicondylar foramen. The quadrate seems to be of the reseadges orm 5 ae 

tion we see also in the closely related Chmognathus. r ou five 
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of palate was developed from the Rhynchocephalia, through the Belodonts and the 
Teleosaurs. It is possible, that the Gomphodontia originated from the Proganosauria. 
The question to be solved now is: What is the single temporal arch in the Gomphodontia 
and Mammalia? ‘There are two possibilities; it represents either both the upper and 
lower arches united, or the lower one alone, the upper one being reduced. 
“Seeley,” in his paper on the Cynodontia, gives a lateral view of the skull of Cynog- 
nathus crateronotus. ‘There is a large supratemporal fossa, but besides, there is a small 
vacuity, between the squamosal and the jugal. If this vacuity is natural, it can only 
represent the infratemporal fossa. By the disappearance of this infratemporal fossa a 
single temporal bar would result. Further researches have to decide this very important 
question.” 
In a paper by the junior author ® an attempt has been made to show that the vacuity 
here mentioned in the temporal region of Oynognathus is not a fracture, but the final 
stage in the final union of the two arches to form the zygoma of the mammals. 
“ A specimen of Cynognathus crateronotus, figured by Seeley, shows an opening 
between the upper and lower arches which was uncertain in origin, there being some 
reason to suppose it to be the result of an injury to the specimen, but a study of the figure 
of Procolophon, given by Seeley, shows the same condition. The enormous quadratojugal — 
(called squamosal by Leydekker) joins the jugal in front, which in turn joins a slender 
element by its anterior superior corner; this element runs backwards, forming the lower 
-and back portion of the orbit, and is undoubtedly the postorbital. Behind this element 
is another bone, the squamosal, or squamosal + prosquamosal, which rests upon the 
quadratojugal below; between all these elements is a small cavity, exactly as in Cynog- 
nathus. It is hardly probable that a break would occur in the same place in the two rae 
specimens, and so they are considered as showing the final stages of the union of the two 
arches to form the mammalian zygoma.” 

‘ s If these conclusions be correct there is an uninterrupted chain of forms from the 
most primitive of the Pelycosauria with two widely separated arches to the Gomphodontia 
__-with a single arch made up of the union of the two and in all probability to the 
Mammals also. With this progress in the development of the zygomatic arch goes a 
3 - series of changes in other regions of the skull as the gradual assumption of the tuberculate 

forms of the teeth and the reduction of the quadrate bone. 

‘The Pelycosauria now assumes a most important position in the mammalian-reptilian 
~ phylum. As stated in the paper last mentioned, ® the group seems to be the bapinning. : 
“a of the long line of forms that. culminated j in the Mammals. . 
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EXPLANATION OF THE PLATES. 


Plate I—Dimetrodon incisivus Cope. 


All figures $ natural size. 


Premaxillary = pm. 
Nasal and maxillary =n. and m. 
Prefrontal = prf. 


Frontal = f. 
Parietal = p. 
Jugal =j. 


Postorbital = po. 


Upper view, quadrate = q.; quadratojugal = qj. 
Suspensorial ae i: - oe one = 
: Outer view, squamosal = sq.; prosquamosal = psq. 
region. k 
Lower view. 
Cranial region ; upper view. 
Cranial region; lower view. 
Basisphenoid ; lateral view. 
Basisphenoid ; lower view. 
Pterygoid ; external view. 
Pterygoid ; lower view. 
Dentary = d. 


Articular region ; articular = a.; angular portion of articular = an, 


Plate II—Dimetrodon inciswus Cope. 


First intercentrum. 

a, lower; b, posterior view. }. 

Centrum of atlas, second intercentrum and axis. 4}. 
Seventh cervical ; lateral view. 4. 

Seventh cervical; anterior view. 4. 

Sixth dorsal; anterior view. 4. 

Sixth dorsal; lateral view. 4. 

Tenth dorsal; lateral view. 4. 

Tenth dorsal; anterior view. 4. 

Three anterior caudals ; lateral view. 4. , 
An anterior caudal; anterior view. 4. 

The same ; lower view. }. 
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Plate I1I—Dimetrodon incisivus Cope. 


Coracoid and scapula; left side. 4. 

Coracoid and scapula of Sphenodon; left side. 1. 
Humerus, left side; anterior view. 4. 

Radius, left side ; anterior view. 4. 

Ulna, left side; anterior view. 4. 

Ulna, left side ; lateral view. 4. 

Femur, right side ; anterior view. 4. 

Femur, right side; posterior view. 4. 

Tibia, right side ; anterior view. 4. 

Tibia, right side ; lateral view. 4. 


Ninth dorsal vertebra, complete ; posterior view. 4. 


Trans.Am.Philos.Soc.,N.S.XX. 


1. PREMAXILLARY. 
2. NASAL AND MAXILLARY. 
3. PREFRONTAL, 


6. JUGAL. 
13. BASESPHENOID LATERAL VIEW. 
16. PTERYGOID, LOWER VIEW. 


17. DENTARY. 
48. ARTICULAR REGION, Aj ARTICULAR. 


: Plate I. 
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rf) 


Case,del. 


23. SIXTH DORSAL, ANTERIOR VIEW. 27. THREE ANTERIOR CAUDALS. 


19. FIRST INTERCENTRUM. 
20. CENTRUM ATLAS, SECOND INTERCENTRUM AND AXIS. 24, SIXTH DORSAL, LATERAL VIEW. 28. AN ANTERIOR: ‘CAUDAL, PION u 
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21. SEVENTH CERVICAL, LATERAL VIEW. 25, TENTH DORSAL, LATERAL VIEW. 
22. SEVENTH CERVICAL, ANTERIOR VIEW. 26, TENTH DORSAL, ANTERIOR VIEW. 


EW. 
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30, CORACOID AND SCAPULA, LEFT SIDE. 32. HUMERUS, LEFT SIDE, ANTERIOR VIEW. 88. TIBIA, RIGHT SIDE, ANTERIOR VIEW. 
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31. OF SPHENODON, LEFT SIDE. 33. RADIUS, 39. LATERAL VIEW. 
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34. ULNA, LEFT SIDE, ANTERIOR VIEW. 36. FEMUR, RIGHT SIDE, ANTERIOR VIEW. 40. NINTH DORSAL VERTEBRA, COMPLETE; POSTERIOR VIEW. 
“ “ “6 « “ 


36. LATERAL VIEW. 87 ‘© POSTERIOR VIEW. 


ARTICLE II. 


THE CHRONOLOGICAL DISTRIBUTION OF THE ELASMOBRANCHS. 


We (0), 1. LeU 


Read October 19, 1900. 


In Science, Vol. x, 1899, p. 683, the writer published a diagram which was designed 
to represent graphically the chronological distribution of the fossil fishes of North 
America. Since then it has appeared that a further analysis of the subject is desir- 
able; and this, so far as it pertains to the Elasmobranchii, is here attempted. In the 
former presentation the Permian period was not separated from that of the Coal-meas- 
ures ; nor were the Mesozoic and Cenozoic ages resolved into their constituent periods. 

This is here done in a new diagram. Furthermore, the distribution of the fossil Elas- 
- mobranchs of Europe is displayed, as well as that of those of North America, the dis- 
tribution of the former by means of the continuous, that of the latter by the beaded 


“ichthyodorulites”” have been 


line. From the estimates and statements here given the 
excluded, although on account of Onchus the lines have been made to begin with the Upper 
Silurian. The numbers accompanying the lines show the number of species known to 
exist at the times indicated. It may be explained further that the upright lines, and 
not the spaces, represent the periods of time. For the data appertaining to the Euro- 
pean genera and species discussed in this paper, I am indebted especially to Mr. A. 8. 
Woodward’s Catalogue of the Fossil Fishes ; and this work has also furnished me assist- 
ance on the American forms. 

An examination of the diagram shows that during the Paleozoic era North 
America possessed a greater number of species than did Europe; while, ever since the 
Permian period, Europe has considerably surpassed North America. In both North 
America and Europe the culmination of the class was attained during the Subcarbonif- 
erous period ; in both there was a rapid decline in genera and species during the time 
of the Coal-measures. This, as regards America, was shown in the earlier published 
diagram, but the latter obscured one fact which is here strongly brought out, namely, the 
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apparently almost complete extinction of the Elasmobranchs during the Permian period. 
Only about ten species have, so far, been reported from North America, and it is possi- 
ble that there were even fewer, since the reference of certain deposits in Eastern Illinois 
to the Permian is perhaps questionable. In Europe about twenty species have been 
described, the majority of them by Fritsch, within recent years. 
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Diagram illustrating distribution of fossil Hlasmobranchs, 


_ It is further seen from the diagram that at once after the beginning of the Triassic . 
period the number of species of Elasmobranchs rose rapidly in Europe, while in North 
America the number apparently even diminished; since only about three species are 
known to have existed during the time of the laying down of the Jura-Trias. Doubtless 
this apparent dearth of species is, partly at least, due to the scant development of Trias- 
sic and Jurassic rocks in our country. 

It might be supposed that in both North America and Europe the conditions dur- 
ing the Permian had been unfavorable for the existence of the genera and species of Elas- 
mobranchs which had flourished in such numbers during the Subcarboniferous ; that 
accordingly they had been driven to some other quarter of the globe; and that it 
would be found that in some of the Mesozoic periods they had returned to the shores 
occupied by their Paleozoic ancestors. On this point two things are to be noted: First, 
we get little or no light on the problem from Permian and early Triassic deposits in other 
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regions ; second, we can hardly expect that the same species would return after the lapse 
of so long a period. As a matter of fact, no species that existed during the Paleozoic is 
known from any post-paleeozoic formation. 

In order to illustrate more clearly the chronological distribution of the Elasmo- 
branchs of the world, I haye prepared the accompanying table, which shows the genera 
that existed during each geological period. As in the case of the diagram, the ichthyo- 
dorulites have been excluded ; likewise a few unimportant genera, mostly such as 
existed during only a single period, and most of them belonging to the Subcarbonifer- 
ous. The genera are arranged under their family names, without reference to their 
special relationships to one another. The name of every genus which occurs in more 
than one period is repeated in the proper column. If it is not found in the period 
following that of its origin, but is found in a still later period, its absence in the 
intermediate period is indicated by printer’s “leaders.” All of the genera of the 
Pliocene column still exist ; as do also those there indicated by leaders. Furthermore, 
two or more genera whose names occur in the same horizontal line have no special rela- 
tionship to one another ; that is, it is not here meant that they stand in the relationship 
of ancestor and descendant. 

In viewing this table we are, first of all perhaps, struck with the blankness of the 
Triassic column, only four genera there appearing; and these furnished the forty species 
which existed in the Triassic waters of Europe. The Permian period is somewhat bet- 
ter suppled with genera, although these included only about half as many species as 
did the three genera of the Triassic. However, the teeth named Ditlodus quite cer- 
tainly belong to other genera of Pleuracanthide. Hence, we see that not more than 
from ten to fifteen genera of Elasmobranchs are known to haye existed during the Per- 
mian period, a meagre number in comparison with the numerous genera of the Subcar- 
boniferous. 

Again, examination of the table shows that, with the exception of /7ybodus, no 
genus which existed during the Paleozoic era continued on into the post-paleeozoic 
times. The status of Hybodus as a Paleeozoic genus is open to some doubt and will be 
considered later. We see, therefore, that whether the Elasmobranchs which had flour- 
ished to such an extent during the Subcarboniferous period had remained around the 
shores of the northern hemisphere during Permian times, but for some reason left only 
scanty remains; or whether they had been driven to other regions of the globe and 
returned during post-palozoic times; when we find them again, if it is their descend- 
ants which we find, they have meantime become transformed both specifically and gener- 
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Table Showing Distribution of the Genera of Fossil Klasmobranchs. 


Devonian. Subcarbon, Coal-meas. Permian, Triassic, 
Pleuracan- 
[thide 
Dittodus! Dittodus Dittodus Dittodus 
Protodus Pleuracanthus |Pleuracanthus |Pleuracanthus 
Doliodus Orthacanthus |Orthacanthus 
Chondrenche- |Diacranodus_ |Diacranodus 
[lys 
Thrinacodus |Compsacan- |Xenacanthus 
[thus 
Cladodontide 
Cladodus Cladodus Cladodus 
Symorium 
Pheebodus jPhebodus |....... Phoebodus* 
Monoclado- |Hybocladodus/Styptobasis Styptobasis 
[dus} Lambdodus 
Carcharopsis? 
Cladosela- 
[chide 
Cladoselache |Cladoselache 
Acanthoés- 
[side 
Acanthoégssus* |Acanthoéssus |Acanthoéssus |Acanthoéssus 
Cheiracanthus Acanthodopsis| ; 
Ischnacanthus Traquaria 
Diplacanthus 
Climatius 
Parexus 
Petalodontide 
Petalodus Petalodus 
Chomatodus |Chomatodus 
Tanaodus Tanaodus 
Polyrhizodus |Polyrhizodus 
Peltodus Peltodus 
Ctenoptychius |Ctenoptychius 
Callopristodus |Callopristodus 
Ctenopetalus |Ctenopetalus 
Janassa Janassa | Janassa 
Antliodus Climaxodus |Thoracodus 
Petalorhyn- |Cymatodus 
{chus 
Fissodus Calopodus 
Lisgodus Lisgodus 
Psammodon- 
[tide 
Psammodus |Psammodus /|Psammodus 
Copodus 
Archzeobatis 
Cochliodon- 
[tide 
Helodus* Helodus Helodus 
Pleuroplax Pleuroplax 
Sandalodus Sandalodus 
Platyxystro- |Platyxystro- 
[dus* [dus 
Deltodus Deltodus 
Poecilodus Peecilodus 
Vaticinodus |Vaticinodus 
Orthopleuro- /Orthopleuro- 
[dus [dus 
Cochliodus 
Xenodus5 
Venustodus 
Deltodopsis 
Psephodus 
Streblodus 
Icanodus® 


Lophodus 


Jurassic, 


Cretaceous. 


Eocene. 


Miocene. 


Pliocene. 
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Devonian. Subcarbon., Coal-meas. Permian. Triassic. Jurassic. Cretaceous. Eocene, Miocene. Pliocene. 
Cochliodon- 
[tide. 
Deltoptychius 
Periplectrodus 
Stenopterodus 
Orodontide 
Orodus Orodus 
Campodus Campodus 
Stemmatias’ |Stemmatias 
Petrodus? Petrodus 
Sphenacan- |Sphenacan- 
[thus [thus 
Mesodmodus /|Styracodus 
Desmiodus 
Leiodus 
Heterodontide 
Palzeobates |Heterodontus’|Heterodontus |Heterodontus |. . 
Hybodus? Hybodus Hybodus Hybodus 
Wodnika Acrodus Acrodus Acrodus . |Acrodus? 
Asteracanthus |Asteracanthus 
Parhybodus |Strophodus  /|Strophodus 
Palzospinax 
Synechodus |Synechodus* 
Orthohybodus 
Hexanchide 
Hexanchus? |Hexanchus Hexanchus ’Hexanchus Hexanchus 
i 
Lamnide 
Corax Corax Corax Corax ? 
Sphenodus” |Carcharias!! |Carcharias Carcharias Carcharias 
Isurus!? Isurus Isurus Isurus 
Otodus Otodus Otodus 
Lamna Lamna Lamna Lamna 
Carcharodon |Carcharodon |Carcharodon |Carcharodon 
Scapanorhyn- |Alopias Alopias ra ie, euro 
[cus|Cetorhinus Cetorhinus Cetorhinus 
Scylliorhinide 
Palzeoscyllium |Scylliorhinus!s|Scylliorhinus |Scylliorhinus |Scylliorhinus 
Pristiurus Mesiteia Mesiteia 
Ginglymos- 
[toma 
Galeide 
Carcharinus!* |Carcharinus |Carcharinus  |Carcharinus 
Galeocerdo Galeocerdo Galeocerdo Galeocerdo 
Hemipristis |Hemipristis |Hemipristis |Hemipristis 
Galeorhinus!§ |Galeorhinus j|Galeorhinus |Galeorhinus 
Sphyrna Sphyrna Sphyrna 
Protogaleus 
Pseudogaleus 
Squalide 
Squalust =) i ays =o . . |Squalus Squalus 
Scymnorhi- |Seymnorhinus |Scymnorhinus 
[nus!*|Echinorhinus |Echinorhinus 
Centrina Centrina 
Etmopterus!” 
Tamiobatide Sguatinide 
~ Tamiobatis Squatina Squatina Squatina Squatina ~ Squatina 
Rhinobatide 
Rhinobatus Rhinobatus’ |Rhinobatus Rhinobatus 
Belemnobatis otro Gee o 6 6 allies 
Asterodermus Rhynchobatus|. . 
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Devonian. Subcarbon. Coal-meas. Permian. Triassic. Jurassic. 
| 
| | 
| 
| 
| 
| 
| 
| Myliobatide 
“Myliobatis ? 
| | 
Ptyctodontide Chalcodus ? 
Ptyctodus Squalorajide 
Rhynchodus Ss : 
Palzeomylus qualoraja 
Myriacan- 
[thide 
| Myriacanthus 
Chimzerops 
| Chimeride 
Ganodus 
|[schyodus 
| 
| 


Cretaceous. Eocene. Miocene, Pliocene. 
Rajide 
Raja Raja Raja Raja 
Cyclobatis Acanthobatis |Oncobatis 
Platyrhinas | scares wnat Cmerey cit 
Narcobatide 
Narcobatusts "tj ces er alloc eens 
Narcine ms) 0 |= <s <) jg cee one 
Pristide 
Sclerorhyn- Pristis Pristis’ "is. ss ee rae 
[chus|Amblypristis 
|Propristis 
Dasyatide 
Dasyatis!® ? Dasyatis Dasyatis Dasyatis 
Urolophus ye men .cm mn Cece Ceo tie 
Xyphotrygon 
Teeniura setae tenes eel caee Misa See tate 
Myliobatis? |Myliobatis Myliobatis Myliobatis 
Rhinoptera? |Rhinoptera Rhinoptera Rhinoptera 
Aétobatis ? Aétobatis Aétobatis Aétobatis 
Rhombodus | Promyliobatis 
Ptychodon- 
[tide 
Ptychodus 
Hemiptycho- 
[dus 
Edaphodon Edaphodon Edaphodon? : 
Ischyodus Mylognathus |Chimeera? Chimera 
Elasmodus Elasmodus 
Leptomylus 
Elasmodectes a 
Bryactinus 
Sphagepoea 
Isotzenia 


1 Diplodus Ag.; type of Dittodus Owen 
to be D. divergens Owen = Diplo- 


dus gibbosus Ag. 
2 Dicrenodus Rom. 


3 Acanthodes. 


* Xystrodus Ag. 
5 Goniodus Newb. 
® Tomodus Davis. 


§ Cestracion Cuy. 
* Notidanus Cuv. 


™ Stemmatodus St. J. & W. 


1 Orthacodus A. 8. W. 


11 Odontaspis Ag. 
2 Oxyrhina Ag. 
13 Scyllium Cuv. 
 Carcharias Raf. 


15 Galeus Cuy. 


16 Scymnus Cuv. 


M Spinax Cuv. 


18 Torpedo Dum. 


19 Trygon Cuv. 


* On the authority of Dr..C. R. Eastman. 
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Furthermore, with the exception of the family Heterodontide (Cestraciontide), as 
defined by Mr. Woodward, no family of Elasmobranchs crosses the line dividing the 
Paleozoic from the post-paleeozoic world. 

It may be profitable to discuss the fate of the various Palseozoic families of Elas- 
mobranchs, so far as we are able to reach conclusions regarding them from the materials 
at our command. The Pleuracanthide and the Cladodontide are so different from all 
other known sharks that they have been made to constitute a distinct order, the Ichthyo- 
tomi. This order represents a distinct offshoot, which extends back as far at least as 
the Devonian. The Pleuracanthide had their maximum of development in species in the 


‘ Coal-measures; the Cladodontidee during the Subcarboniferous. In the States lying 


along the Mississippi river we find the species of the genus Cladodus pretty evenly dis- 
tributed throughout the various divisions of the Subcarboniferous rocks, about thirty- 
two species occurring therein to seven in the whole thickness of the Coal-measures of 


the same region. The upper division of the Subcarboniferous, the Chester, alone con- 


tained five species. This shows that the genus was a declining one during the period of 
the Coal-measures. The other genera of the family which existed during the Subcar- 
boniferous period failed to reach the period of the Coal-measures. The structure of the 


- Pleuracanthidee is quite well understood ; that of the Cladodontidse much less satisfacto- 


rily ; but from what we do know of the structure and history of the two families, it is very 
improbable that they were the ancestors of any known sharks of the post-paleozoic 
world. . 

The Cladoselachide is a small family of a single genus and a very few species. They 
re: with respect to their paired fins, very generalized ; with respect to their tails at 


least, they are highly specialized. They are not known to pass beyond the early Sub-_ 


carbgniferous ;* and no related forms are recognized thereafter. 


We have no evidences that the Acanthodii possessed any representatives after the — 


_ Permian period. The order had its maximum of development in the Devonian. The 


typical genus, Acanthoéssus, continued on into the Permian, in which Fritsch has 


a 


c recently discovered one or two additional genera, containing two species. The members 
; of the order differ so much from other Elasmobranchs that their relationships with the 
a sharks. have been doubted. They almost certainly left no post-palzeozoic descendants. 

. gh the numerous ee of tne eg the ake oa that POUOHUS: on into- 
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were in existence about ninety species; during the Coal-measures, fifteen; during the 
Permian, only five. Thereafter they are not known. 

The Cochliodontidee formed an extensive family, with a dentition which reminds 
one strongly of that of the modern Heterodontus (Cestracion) ; but this dentition was, in 
a way, highly specialized ; and it is quite improbable that it later became simplified into 
the dentition of any post-paleeozoic sharks. Moreover, this family too was a decadent 
one after Subcarboniferous times; since out of more than one hundred and seventy-five 
species which have been described, only fifteen or fewer belong to the Coal-measures. In 
the Mississippi valley the family had its culmination in the Keokuk and St. Louis 
epochs, the middle of the Subcarboniferous. The whole thickness of the deposits of the 
Coal-measures of the Mississippi valley has furnished only about ten species, about as 
many as are found in the Kinderhook, a formation about two hundred feet thick. It 
may be further observed that not a single known genus of this family came into exist- 
ence during the Coal-measures period. 

This review of families brings us to a group of genera which have been included by 
Mr. A. 8. Woodward in the family Cestraciontide, or as the writer prefers to call it, 
Heterodontide. ‘This family may, for convenience of discussion, be regarded as consist- 
ing of a group of Palseozoic, or more specifically Carboniferous, genera and of a group 
of post-paleeozoic genera. The former group, like most of the families which we have 
‘so far considered, had its maximum of development, both as to genera and species, dur- 
ing the Subcarboniterous. Nearly all the genera too had their origin during Subcarbo- 
niferous times. Of this group Orodus may be taken as the type, being the best known, 
nost abundant in species and most widely distributed. As in the case of the other 
genera of this group, all we know about Orodus is derived from its teeth ; and these 
generally occur isolated. It is admitted by authors that these teeth are not greatly 
different from those of ybodus of post-paleeozoic times. As defined and accepted, how- 
ever, Orodus belongs essentially to the Subcarboniferous period. Of thirty-eight 
described species only one belongs to the Coal-measures, and this to the lower division. 
Of nineteen species described from the rocks along the Mississippi river one belongs to 
the lower Coal-measures, one to the Chester, the uppermost division of the Subcarbonif- 
erous ; the remainder are nearly equally distributed among the other divisions. In Great 
Britain the maximum of development of Orodus is in the lower portion of the Subcar- 
boniferous. Campodus has five species in the Coal-measures, two in the Subcarboniferous. 
Of the five species of Sphenacanthus two belong to the Subcarboniferous, three to the 
lower Coal-measures. On the whole, the Paleozoic contingent of the Heterodontide 
was a declining one from the time of the Subcarboniferous period. 

The other members of Mr, Woodward’s Cestraciontide are found principally in the 
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post-paleeozoic deposits, and attained the height of their development during the Juras- 
sic; although the two principal genera, Hybodus and Acrodus, had their maximum in the 
Triassic. It is not beyond possibility that Hybodus occurs in the Permian, a few teeth 
from that formation having been assigned to the genus. It has indeed been carried back 
by some paleontologists.to the Coal-measures, and into the Subcarboniferous ; but this 
would give to Hybodus a term of existence equaled by no other vertebrate genus, and a 
term quite improbable. Furthermore, no other genus, either Elasmobranchian or of true 
fishes, is known with certainty to have passed from the Paleozoic to Mesozoic times. If 
Fybodus has done this it holds a unique position. A similar remark may be made 
regarding the family Heterodontide, as limited by Mr. Woodward. If the Carbonifer- 
ous genera are included in it, the family has come down to our day from the beginning 
of the Subcarboniferous period ; and Rohon describes Rhabdiodus, said to be a Hybo- 
dontid, from the Upper Silurian. No other family of fishes can claim such a history. 
We would have to go to the invertebrates to find a family that has existed so long. The 
assignment of the Paleeozoic genera to the family is based wholly on similarities in the 
teeth ; and this character is confessedly unreliable in sharks living in far removed 
periods of time. Within a few years we have had it announced that in Chlamydoselache 
a living genus of Cladodonts had been discovered; but the error was soon dispelled. 
Authors differ much in their disposition of the genera here concerned. Dr. Zittel rec- 
ognizes a family Hybodontidee in which are put? Hybodus, Cladodus and a number of 
Subcarboniferous genera; while Orodus, Campodus, Acrodus, etc., are put in the Ces- 
traciontide. Jaekel would exclude from the latter family Orodus, Campodus, ete. 
Therefore, I do not believe that we shall lose anything by retaining at least the genera 
of the Carboniferous age in a family with a distinct name, Orodontide ; and this I have 
done in the table of genera. Some day a fortunate discovery of some member of the 
group will reveal its relationships to modern forms. And I believe that I do not err in 
saying that the discoveries hitherto made of the skeletons of Paleozoic sharks have 
proved their possessors to have been quite different from modern forms. As proofs of 
this assertion may be mentioned Cladodus, Cladoselache and Plewracanthus and its allies. 

However, it would be rash to affirm that the post-paleeozoic Heterodontide have not 
been derived from some member of the Orodonts. The latter family is apparently the 
least specialized of the ancient groups, and some one of its less differentiated and more 
plastic genera may have furnished the progenitors, not only of the Heterodontid, but 
possibly of all the modern families of sharks and rays. 

It might be possible, as already suggested, to account for the break in the continuity 
of the genera and families of Elasmobranchs which occurred during the Permian and 
earlier ‘Triassic on the eround that the environment along the shores where deposits were 
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being made was not favorable for their existence ; that consequently they migrated else- 
where ; and that when they returned, so much time had elapsed that they had necessarily 
become transformed beyond recognition. We must, however, keep in mind that the 
Elasmobranchs of the Subcarboniferous period were evidently mostly dwellers in clear 
open seas, that such seas were probably always accessible to such free-swimming animals, 
and that the space of time in question has been spanned by more than one family of the 
higher fishes. The Ccelacanthidee are known to have survived from the Devonian to 
the Cretaceous. The Paleoniscide likewise began in the Devonian and did not perish 
until in middle Mesozoic times. During the Subcarboniferous period there existed over 
forty species. With each succeeding period the number of species became reduced, but 
the vis viva of the family was such that it penetrated into the Jurassic. In the Permian 
period there existed about thirty known species ; in the Trias, fifteen species. None of 
the genera, however, existed in both Palseozoic and post-paleeozoic times. 

The Semionotidee furnish another example of a family which lived through the 
transition from Palseozoic to later times. It began in the Permian in a feeble way, with 
a single genus and some five or six species; but the stock possessed such vigor that it 
was able to endure until in the Cretaceous. In Triassic times there existed a dozen 
genera and nearly seventy species. The Permian genus Acentrophorus is believed to be 
represented in the Triassic by a single American species; but the identification is in 
doubt. 

It seems probable, therefore, that the failure of the Paleeozoic families of Elasmo- 
branchs to perpetuate themselves beyond the Permian period was due more to the organi- 
zation of the animals themselves than to any specially unfavorable environment. Their 
vitality seems to have become reduced, and for that reason they perished. This is also 
indicated by the fact that after the Subcarboniferous period very few new genera were 
evolved. Among the Paloniscide, on the contrary, new genera were brought into 
existence with each succeeding period up to near the end of their history. The same 
is true of the Semionotide, although their course was a briefer one. Among the Elas- 
mobranchs themselves, we find that when, after the middle of the Trias, they entered on 
a new career, the production of new genera went on for atime with energy. Only a 
few appeared in the Trias, many in the Jurassic, a greater number in the Cretaceous, many 
in the Kocene. Since then that pristine vigor shown in the organization of new genera 
has apparently declined; and we may consequently regard the Elasmobranchs of to-day as 
a moribund race. ‘The seas of the tropical regions are now the homes of the greater 
number of living forms, and the Tertiary rocks of the tropics have not been thoroughly 
enough explored to enable us to say how the number of the Miocene species compares with 
that of the living species ; but the Miocene sharks and rays of Europe far outnumber 
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those now inhabiting European seas. According to Dr. Giinther’s Catalogue of the 
Hishes in the British Museum, Vol. viii, there are now living only seventy-six European 
species. During the Miocene there existed one hundred and thirty-five species in that 
region. In North America the recent species exceed those known from the Miocene in 
the ratio of eighty-six to fifty-seven; but if only those found along our eastern and 
southern coasts are compared with the Miocene species of the same region, the numbers 
are about equal. Doubtless, when our marine Miocene fauna is better known, especially 
that of our western coast, the number of species will be increased. When all the Mio- 
cene species of Europe and America combined are compared with all the living species 
of the same region, we find the numbers to be approximately 155 and 135. No reason 
is apparent why these two great regions should not represent well the state of Klasmo- 
branchian development during Miocene times and that of to-day; and even if we 
leave out of account the insufficiency of the geological record, it shows that, as regards 
numbers of species, this class has declined. 

The remarkable reduction in the number of genera and species of Elasmobranchs 
during the Permian period finds a parallel in the apparently almost complete extinction 
of the Brachiopoda at the same time. The facts bearing on this subject have been 
obtained from Mr. Charles Schuchert’s Synopsis of the Brachiopoda of North America. 
The following table shows the number of genera which are known to have existed at 
each geological age: 


CRmMD Mae tees ease anaes ce ee oes 28 Pin Gar Cute ewes clea eas ase Soeee ces ee be 43 
OTMO VACA Ms. eves sho Foe las Sate alate 5 66 (LIES » cictoe 0 2 RR eIOR a Ora on Cie CCceie eae 43 
ML aT eee eterra ck Mock no ccs ore Sigua iss 75 (Qin EXC) INS) 6 sia on aoe CBG borne oe Ome meen bl 
IDYen Orn iie 3.5.6 F AeA Slee aes ean ace 101 JUNEN GS AT ieaeya sy Roxie ace coe ee Soe acne 20 
CAD ONMET OMA eres seo eee arshb.are tes isorece e 16 


This table has the appearance of proving that the Brachiopoda culminated during 
the Devonian age, thereafter began to decline, and have continued to diminish gradually 
to the end of the Tertiary; but if we inquire a little more closely into their chrono- 
logical distribution we shall find that in the Permian deposits there have been found 
only eight genera and eight species, as Schuchert has shown. Therefore, a curve that 
would represent the history of the Brachiopoda would resemble closely that representing 
the history of the Elasmobranchs, except that many phases of the former curve would 
fall about one age earlier than in the case of the latter. 

Concerning the other families of post-palseozoic sharks, I have no remarks to make. 
The group of rays will be briefly considered. The question of their origin assumes 
importance from the discovery of Tamiobatis, describéd by Dr. C. R. Eastman.* The 


* Amer. Jour. Sci., iv, 1897, p. 85. 
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specimen on which the genus rests is supposed to have been derived from the Devonian 
rocks of Kentucky, but may have come from the Subcarboniferous. Dr. Eastman 
regards this fossil as a true ray ; and it certainly possesses many resemblances to one. 

Morphologically the rays are not greatly different from the sharks. Dr. Jaekel* 
holds that the essential character of the rays is found in the attachment of the pectoral 
fin-supports to the side of the head, all other characters having resulted either from this 
forward extension and anchorage of the fins to the side of the head or from the mode 
of life affected by the rays. He doubts, however, the unity of the group which includes 
the rays, Batoidei of writers. He is inclined to hold that the Dasyatide (Trygonide) 
and the Myliobatidie, the two families forming his ‘‘ Centrobatide ” (Masticura, Gill, 
1872), have sprung from forms like Péychodus and Strophodus ; and in a recent publica- 
tion,} the line is traced back to the Psephodontidse and thence to the Holocephali. ‘The 
other division of the rays, Jaekel’s Rhinoraji (Pachyura, Gill, 1872), are supposed to 
have originated from the Spinacidee (Squalidee). The two groups are thus removed far 
apart. I believe, however, that we can say that we have no trustworthy record of the 
Masticura before the Cretaceous, when at least Rhombodus and the Ptychodontidee lived ; 
nor of the Pachyura before the Jurassic, when Rhinobatis, the most primitive of the 
group, first appears to us. 

Now, on the page of this history of the rays, so modern in comparison with the great 
age of the class Hlasmobranchii, we are confronted with the proposition that Tamiobatis 
of the Devonian is a true ray. If the divergence of the Batoidei or either division of 
them occurred so near the root of the Elasmobranchian stem as the Devonian, they 
ought to be dignified with the rank of superorder or order, instead of being grudgingly 
given the rank of suborder, as is done by most writers. We must, then, have very 
satisfactory evidence before we can admit Tumiobatis among the Batoidei. I do not 
believe that it has been produced. The three characters relied on by Dr. Eastman, in 
his excellent description, to support his views, are the elongated rostrum, the prominent 
nasal capsules and the antorbital processes, which are, supposed to have served to attach 
the pectoral fins to the head. Now, the rostrum is one of the most variable organs in 
presence, form and size, not. only among the sharks, but also among the rays. In the 
shark Centrophorus it equals in length the rest of the skull; in the Myliobatid rays 
it is wholly absent. As regards the antorbital cartilages of Tamiobatis, there are, it 
seems to me, sufficient evidences that they did not support the pectoral fins. In the 
rays these cartilages are articulated to the nasal capsules, and the distal extremity of 
each is directed backward along the inner side of the fin. In Taumiobatis there is no 


* Die Hocénen Selachier Monte Bolea, 1894, p. 45. 
+ Zeitschr. deutsch. Geolog. Gesellsch., li, 1898, p. 298. 
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indication of any articulation, and the cartilages are directed outward and forward. If 
it is supposed that there was originally an articulation which has become effaced during 
fossilization, we must make the unlikely assumption that the two cartilages have been 
removed from their natural, posteriorly directed position and made to take new posi- 
tions, symmetrical on the two sides. 

The size of the nasal capsules furnishes no certain evidence of the batoid nature of 
this animal. The hammerhead sharks have these larger than any of the rays; and it 
is not improbable that Tamiobatis had its nasal capsules developed for some such function 
as is subserved by this organ in the modern hammerheads. Zamiobatis must have been 
quite different in many respects from anything now in existence. Dr. Eastman has 
figured two structures which he has identified as the postorbital arches. He states that 
each of these appears to be cut off from the rest of the skull by a small cleft; but he 
says these clefts have every appearance of being fortuitous. These are alike on the 
two sides, and to me they appear wholly natural and as the indications of articulations. 
As Dr. Eastman suggests, the portions thus cut off do not appear to be metapterygoids ; 
and we are left in the dark as to their real nature. It appears to me not improbable 
that the structures outside the clefts are portions of the palatoquadrate arch, attached 
to the postorbital process, as-it is in some modern sharks. At all events it appears that 
we are hardly justified in concluding that the fossil in question, which lived in the 
middle of the Paleeozoic era, belongs to a group which, so far as we have any reliable 


evidence, did not come into existence until the Mesozoic era was well advanced. 


ARTICLE III. 


RESULTS OF OBSERVATION WITH THE ZENITH TELESCOPE OF THE SAYRE 
OBSERVATORY FROM JANUARY 19, 1894, TO AUGUST 19, 1895. 


BY CHARLES L. DOOLITTLE. 


Read October 19, 1900. 


INTRODUCTION. 


The Sayre Observatory, situated at South Bethlehem, Pennsylvania, owes its exist- 
ence to the liberality of Robert H. Sayre, at whose expense it was erected and equipped 
in 1868. The object was primarily that of supplying facilities for the instruction of 
students of the Lehigh University in practical Astronomy. One of the first tasks under- 
taken by the author of this paper upon taking charge of the department of Astronomy 
at that institution in 1875 was a very careful determination of the latitude. 

The question of possible variations was one of those had in mind at that time. It 
was then supposed that if anything of this kind took place of sufficient magnitude to be 
measurable, the changes would be secular in character, and that later determinations 
might furnish valuable data for deciding the question whether or not such changes 
existed. ‘This first determination was not finally completed until 1878. 

A re-determination was made in 1885-86, which indicated a change of about 0’.4, 
though the reality of this change was at that time naturally an object of much skepticism. 

The work was resumed in 1888, and was continued with some interruptions until the 
summer of 1895, when my connection with the Lehigh University terminated. The pres- 
ent paper deals with the results obtained from January 19, 1894, to August 19, 1895. 
Although this is a continuation of work done during previous years, the methods pursued 
were such as to make this in so far an independent series that it may very properly be 
presented separately. Moreover, as a re-discussion of the earlier observations and their 
publication in full constitutes a part of the general plan, they will call for no further con- 
sideration here. : 

The final preparation of this material for publication has been delayed by the cireum- 
stance that a preliminary reduction showed it to be very desirable that the star declina- 
tions should be determined with a high degree of accuracy and carefully reduced to a 
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homogeneous system. As but little material for this purpose existed in the case of a con- 

siderable number of the stars employed, a complete re-observation of the entire list was 

kindly undertaken by R. H. Tucker, of the Lick Observatory, and that of individual 
bn ) vs 

stars at other places; finally in the spring of 1899 an appropriation by the trustees of the 

Gould fund provided for the employment of a computer, so that now what for present 

purposes may be regarded as the final values of the stellar codrdinates are available. 

In the present series the plan proposed in 1890 by Dr. F. Kiistner* was followed. 

i par Mi 
This consists in the employment of four groups of stars, so arranged that they may be 
connected by evening observations on one group, accompanied by morning observations 
on the consecutive one. This furnishes the means of adjusting the results to a homo- 
geneous system, and at the same time, as a kind of by-product, a determination of the con- 
stant of aberration independently of variations in the latitude. 

In the present case the four groups were distributed as follows : 

5 
Group I 5531™ to '7223™ 10 pairs. 
Cle teeitio 16 G1) 107 « 
III 1730 to1935 9 « 
iV 121.29, do 83 52012 |“ 

The interval between I and II proved to be somewhat too great, for, although these 
groups were observed during the long nights of January, February and March, the exces- 
sive proportion of unfavorable weather at this season made it somewhat difficult to obtain 
the desired number of satisfactory observations. 


The Instrument. 


This is a Zenith Telescope by E. & G. W. Blunt, of New York. It is said to have 
been purchased of the United States Coast Survey in 1868, when the Observatory was 
first erected. It was then in poor condition, and had probably not been in active service 
for some time. It was at different times overhauled and repaired, and finally, in 1892, 
provided by G. Saegmiller, of Washington, with two very fine levels. ‘Though not rank- 
ing as a first-class modern instrument, it proved capable, with care and attention in its 
use, of giving results which are believed to be worthy of entire confidence. 

The aperture of the telescope is three inches; focal length, forty-one inches. A 
diagonal eye-piece was employed, magnifying seventy-five diameters. 


The Levels. 


The two levels above mentioned were designated A and B. Previous experience with 
levels had shown that in some cases the scale values did not remain constant. Cases of 
deterioration had also been met with, good tubes in time becoming worthless, 


* Astronomische Nachrichten, Bd. 126, No. 3015. 
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It was therefore determined to examine thoroughly these levels at intervals of three 
months. As no important changes were found, they afterward received less frequent 
attention, but the process was always repeated at least twice each year. 

In this investigation the ordinary level-trier was employed, consisting of a horizontal 
bar with a micrometer screw at one end. The proportions in the present case were such 
that one division of the micrometer head corresponded to an angle of 1” in the inclina- 
tion of the bar. 

The level tubes were placed in position, carefully protected from disturbances of all 
kinds and allowed to remain for an hour or two in order to allow the temperature of all 
parts of the apparatus to come to a condition of equilibrium. The bubble was then brought 
near one end of the tube and the scale reading noted. The screw was next moved for- 
ward two divisions and the scale again read, and so on through something more than the 
entire part of the scale actually used in observation. 

The screw is now moved backward and the reading of the scale noted at the same 
screw readings as before. rom one to two minutes are allowed for the bubble to come to 
rest after moving the screw. If too much time elapses there is danger that changes of 
temperature or other disturbing causes may vitiate the result. 

The process is illustrated by the following record of the determination of the value of A : 


ere Ja ae Bubble. Bubble. 
Tea A icrometer. ee - a Mean. = ae Mean, pire ord 
1 val 8.8 26.1 14.95 3.4 25.5 14.45 
2 69 4.8 hee: 15.95 4.6 26.7 15.65 
3 67 6.3 28.6 LEAD 6.2 28.3 17.25 
4 65 8.3 30.6 19.45 7.8 29.9 18.85 
= 5 3 9.8 82.1 20.95 9.4 31.5 20.45 a 
FA lo} 
E 6 61 ae 33.6 22.45 109 83.1 22.00 | 2 
5 7 59 13.0 35.3 24.15 12.7 34.9 23.80 z 
ma 8 BY 14.7 37.0 | 25.85 14.2 36.4 25.30 ; 
9 55 16.4 38.6 27.50 15.9 38.1 27.00 
10 53 18.2 ~ 40.5 29.35 a ear 39.9 28.80 
11 51 19.6 41.8 30.'70 19.2 41.4 30.30 
12 49 21.0 43.2 32.10 20.5 42.8 31.65 
13 AY 22.7 45.0 33.85 22.3 44.5 33.40 
14 45 24.6 46.8 35.70 23.8 46.1 84.95 
8—1 10.90 10.85 
9—2 11.55 113385 
10—s 11.90 11.55 
11—4 11.25 ‘ 11.45 
12—5 11.15 11.20 
13—6 11.40 11.40 
14-7: 11.55 11.15 
14” == 1 S00 11.279 
One division = ell 29289 1//.241 


The same values of the levels were not employed throughout the entire latitude series, 
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but these values were revised from time to time as new material gave promise of improve- 
ment. 


The values used were as follows: 


1894, January 19-April 26, A 1//,280 B 1//.028 
April 80-September 15, 1/276 1//.008 
October 2—-December 6, 1//,292 1/’.008 

1894, December 23-1895, August 19, 1/1284 1//,024 


The Reticle. 


This is fitted with three vertical threads and one horizontal. The latter is for the 
purpose of marking the middle of the field, but it is not required for this. Moreover, it 
involves the inconvenience that, where the difference of zenith distance is small, one com- 
ponent is found on this thread with surprising frequency, thus interfering seriously with 
its bisection. 

In practice, the stars were bisected at the time of passing each vertical thread. The 
equatorial intervals of the side threads from the middle one were 13°.46 and 13°.61. 

The correction to the latitude for the interval 7 is 


15 7)? 
re sin 1/’ tan 0. 
This is computed for each pair employed and is practically constant for the entire 
time embraced by the series. 


The Micrometer. 


The moyable frame carries five threads at intervals of approximately ten revolutions 
of the screw. There are small pieces of brass near one end of the threads marked with 
1, 2, 3, 4 and 5 points respectively, to avoid mistakes in identifying the threads. When 
the difference of zenith distance is not greater than twenty revolutions, both stars were 
generally bisected with III; for greater differences II and IV were used to avoid turning 
the screw through so great a number of revolutions. JI and V were not used. 

It was necessary to determine carefully the distance between threads II and IV, and 
as this did not remain constant, the operation must be frequently repeated. After some 
experimenting, it was found that this could be most satisfactorily done by pointing the 
telescope toward the sky during daylight and bringing the threads in succession up to the 
fixed thread before mentioned, moving the screw until the line of light between the two 
vanished. 

In the pages which follow, giving details of the latitude determinations, the column 
headed 6 contains this correction where required, combined with a second correction to 
the micrometer, the explanation of which will be given presently. 

Aa BP. 8.—-VOE. XX 
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The proper value of the micrometer screw has proved a troublesome question, as it 
has been found to be a variable quantity. 6 Ursae Minoris and 51 Cephei were observed 
on twenty-three nights during the progress of the work, one star being taken at eastern 
elongation, preceded or followed, as the case might be, by the other at western elongation. 
As the altitude of one would be increasing and that of the other diminishing, the mean 
result. should be practically free from errors due to gradual changes of refraction and 
others of a like character. A preliminary reduction of the latitude observations showed 
that no one value of the micrometer screw could harmonize the entire series. Hvidently 
the screw had become worn with long service, and the wearing process was still going on at 
an appreciable rate. A somewhat roughly determined correction for temperature changes 
removed a part of the difficulty, but not all. 

On July 25, 1894, the micrometer was sent to Stackpole & Brother, of New York, 
for repairs, including a change in the tension of the springs. This naturally produced a 
change of value at this point, but it was constant neither before nor after. Finally, the 
conclusion was reached that the screw value must be deduced from the latitude observa- 
tions themselves and be treated as a variable quantity. 

In order to have this method of procedure worthy of confidence, more precise values 
of the star places were required than those before employed, hence the final reduction was 
postponed until these became available. 

It was observed that the screw was affected by progressive errors of considerable 
magnitude. An investigation of this matter had formerly been made by employing a 
measuring engine designed by Prof. William Harkness, of the United States Naval 
Observatory ; but the results had ceased to be applicable, probably a consequence of the 
wearing of the screw before referred to. The corrections here used were derived from 
the above-mentioned transits of § Ursee Minoris and 51 Cephei. 

Let » be any number of revolutions of the screw reckoned from the middle of the 
scale, the middle in this case being at the twentieth revolution. 

Let & be the mean value of one revolution. 


If the errors be uniformly progressive, the space S, corresponding to », will be of 
the form : 
S= kn +pn} 
For a second reading : 
S! = Rn! + pin! 2 
S— S=R(n—n’) + p (rn? — n’?) 


The transits of the stars in question were always observed for each revolution of the 


oe 


screw from scale readings 33 to 7. The observed times are first corrected for level 
changes and for curvature of the stars’ path. They are then combined by subtracting 
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33 from 19, 32 from 18, — — — —, 21 from 7, thus obtaining a series of values of the 
time required by the star to pass over the space measured by fourteen revolutions of the 
screw. ‘he difference between any value and the mean of all is the observed correction 
on account of p, expressed in seconds of time. This must finally be converted into its 
equivalent value in terms of revolutions of the screw. 

The means of the differences so found are given in the accompanying table, those for 
51 Cephei haying been reduced to the equivalent in terms of 5 Urse Minoris: 


Micrometer. n2 — n/2 Observed Difference. v. 

Ss iS} 
1 19 — 33 — 168 — 3.90 + .27 
2 1 =o — 140 == 3,25 + .92 
3 17 — 3 — 112 — 2,55 + .23 
4 16 — 30 — 84 — 2.21 — .13 
5 15 — 29 — 56 — 1.48 — .09 
6 14 — 28 — 28 — 111 — .42 
ti 13 — 27 0 — 03 — .03 
8 12 — 26 + 28 + .68 + .01 
9 11 — 25 + 56 + 1.47 — .08 
10 10 — 24 + 84 + 2.26 — 18 
11 9 — 23 -+ 112 + 2.97 — .19 
12 Sy=-99 4+ 140 + 3.35 4+ 12 
13 re oT 4 168 4+ 3.97 + 20 


The “observed difference” above is the observed value of p (x? — n’*). 
Therefore we have: 
p= + 02483 = .0004354 R 


since one revolution /# represents the space traversed by the star in 57°.02. 


With this value of p we compute the corrections to the micrometer readings which 
follow. ‘These are expressed in terms of one revolution of the screw : 


Micrometer. Correction. Micrometer. Correction. 
7-& 33 + .0736 14 & 26 + .0157 
8 32 .062'7 15 25 .0109 
9 31 0527 16 24 .0070 

10 30 .0435 17 23 .0039 

alg 29 .0853 18 22 .0017 

12 28 0279 19 21 0004 

13 27 .0213 20 .0000 


These corrections are applied to the micrometer readings and a preliminary reduc- 
tion carried out employing an approximate value of the screw, as follows: 
From 1894, Jan. 19 to July 25, R = 50//,5352 


July 25 to Dec. 6, . 50.5646 
Dec. 6 to end of series, 50.5735 
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We can now write for each observed latitude an equation of the form 
Vp (4¢—(M—M) ASR=n), 


where A@ and AR are corrections to the latitude and the assumed screw value, Mand J’ 
being the micrometer readings, corrected, of course, for progressive errors. 

Fourteen sets of equations were formed for deriving corresponding values of A ¢ and 
A}R, the aim being to limit each series in respect to time, so that no considerable changes 


in those quantities need be apprehended. 


The following example will illustrate the process : 


Group. Number, - No. of Obs. V Pp M— WM’. n. V. 


1 10 1 — 15.3 =.49 =. 06 
2 10 1 + 42 + .40 => 20 
3 9 1 aie — 57 + 06 
4 11 1 88 ena? 4. 27 
b 11 1 + 83 + .82 + 04 
I 
6 10 1 + 6.7 + .30 == Ol 
" 10 1 = te =+ 88 4. 30 
8 10 1 4. 64 4.42 Bey 
9 10 1 ans 25001 vis 
10 9 1 4 21.4 + .88 == 02 
11 5 0.7 =< '¢4 E18 =a 8 
12 5 0.7 = 5 — .23 0% 
3 4 0.7 25 + .56 8 
14 3 0.6 A284 08 + 08 
a 15 3 0.6 s=)"08 08 + 05 
1698 3 0.6 — 22.9. — b4 Hi, 
17 3 0.6 sth BESS — 08 
18 3 0.6 + 20.9 + 24 + 60 
19 2 0.5 + 16.0 4. .64 4+ 01 


| 
| 
| 
| 
| 


From these equations, 


Ag = + .0854 
AYR = + .0885 
No use is made of A @ in what. follows. 


All observations on one pair during the time embraced have been combined into 
one equation, the number being indicated in the third column. 


The following table gives the results derived from these fourteen sets of equations. 
The adjusted value of AiR is explained in what follows: 
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Date. Temnrture, (Assumed YR. Sy Se V wh | Adiusted AR. v. 
1 1894. Jan. 19-Feb. 16 289.3 25.2676 -+ .0385 il + .0395 + 10 
2 Feb. 19-Mar. 18 35.2 + 0382 1.0 + .0369 — 13 
3 Mar, 19-Apr. 30 47.3 -+ 0851 0.7 + .0342 — 9 
4 May 8-June 11 60.7 + 0317 1.0 + .0313 — 4 
5 June 12-July 5 72.4 + 02638 1.0 + 0287 + 24 
6 July 9-July 25 70.8 + 0302 1.0 + 0290 — 12 
7 Aug. 5-Sept. 15 66.2 25.2823 — 0176 1.0 — 0100 + 76 
8 Oct. 2-Nov. 12 47.0 — 0083 1.0 — 0057 + 26 
) Noy. 15-Dec. 6 35.5 — 0077 1.0 — 0032 +. 45 
10 Dec. 25-Jan. 24 21.5 25.28675 — 0020 0.7 — 0045.5 — 25 
11 1895. Jan. 27—Mar. 28 28.9 — 0040 1.0 — 0061.5 — 22 
12 Apr. 10-Mar. 6 47.3 — 0065 0.7 — 0102.5 — 37 
13 May 9-June 29 62.0 — 0128 LG — 0134.5 — il 
14 July 9-Aug. 19 67.6 — 0064 1.0 — 0147.5 — 83 


A. graphic construction showed that the values of 2# might be approximately repre- 
sented by the expressions— 


25//.2939 + e+ (¢ — 21°.5) 2 before July 25, 1894, 
25//.2647 + y 4+ (¢ — 21°.5) 2 after July 25, 1894. 


Solving the resulting equations for «, y and z, these expressions become— 


1 (@ — 21°.5). 


25/1.3075 — 2.2 
2.21 (t — 219.5). 


25/1,.2647 — 


¢ being the mean temperature and the coefficient 2.21 expressed in units of the fourth 
decimal place of the screw value. 

From these expressions result the adjusted values given in the foregoing table. 

The agreement is not altogether satisfactory, as shown by the residuals—in fact, it 
would, perhaps, have been better to make a strictly empirical adjustment. However, no 
appreciable difference could have followed in the final treatment of the latitudes. 

No correction has been applied for periodic errors. A former attempt to determine 
this correction by means of Harkness’ measuring engine was not successful ; it seemed to 
be quite small, and it will be pretty effectually eliminated from the mean of a consider- 


able number of measurements. 


The Star Last. 


The derivation of the best attainable values of the star declinations employed has 
formed a relatively small part of a more extended undertaking, viz.: that of investigat- 
ing the coordinates of all stars employed in the latitude work of the Sayre Observatory. 

This subject will not be treated in detail at present, as the plan involves a more 
extended presentation in another place. 
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In the star list which follows the codrdinates of those stars found in Newcomb’s 
Fundamental Catalogue * were taken from that publication, but were reduced to the system 
of Auwers. The declinations of the remaining stars were deduced from what is believed to 
be practically all existing material, including observations made at the Lick Observatory, 
kindly furnished in advance of publication by R. H. Tucker. The reduction to Auwers’ 
system has been applied in all cases where such was available. In case of a few of the 
newer series where this relation had not been investigated the Catalogue places were 
employed directly, but with a somewhat diminished weight. 

It is not to be inferred that the system of Auwers is considered superior to that of 
Newcomb, but as this is the system more generally used in latitude work of this character, 
its employment here renders the results more directly comparable with those obtained 
elsewhere than would otherwise be the case. In the two pages which follow are found the 
mean coordinates for 1875, with elements of reduction to any epoch which appear to call 
for no explanation. The numbers are those of the British Association Catalogue. Those 
stars marked WV were taken from Newcomb’s Catalogue. 

This list is followed by a second, giving the mean places for 1894 and 1895. The 


reduction to apparent place is as follows : 
POLM=ROG A) EW HHT HEC HAASE U HW) BAS (C404) C44 +a) D 


6 and & being the apparent declinations required, 
dy and 6,’ the mean declinations here given. 
A, B, Cand D are taken from the American Ephemeris, where the significance of 


the remaining symbols may be found. 


* Catalogue of Fundamental Stars for 1875 and 1900 reduced to an absolute system ; Astronomical Papers pre- 
pared for the use of the American Ephemeris and Nautical Almanac, Vol. VIII, Part II. 
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: Right Ascen- da Ga Declination, 18 128 100)8 dvs 
SASS eG alent dt de ig 1815. = ir : a a ye 
I iy ae. cream ; ae $ 
(1) 1751 | 5.5 | 5 29 55.00 |-+ 5.9977 | + 00027 65 87 84.15 |4- 2.5911 |—.008683 | — .186.) — .0387 
1821) 6.0} 5 39 34.23 8.4478 | + 4 | — .0006 | 15 46 17.27 1.7864|— 5015); — .021 | + .0011 
(2) 1862 | 6.0 | 5 45 16.25 |+- 3.4068 | + 8|/—.0015 | 14 8 16.31 |-+ 1.2898/— 4960; — .014 | + .0018 
1874 | 7.0 | 5 47 50.68 6.2172 | +- 12 66 59 52.48 1.0174/— 9059} — .058 | — .0457 
(3) 1923! 6.0 | 5 54 17.28 | 4.3250 | + 3] - .0105 | 42 54 45.79 |+ 0.38511/— 6323) — .006 | — .1487 
1942) 6.0 | 557 58.14 4.1348 | + 2 | — .0010 | 38 29 28.93 0,1857|— 6028) + .002 | — .0420 
(4) 1970| 6.5) 6 2 0.21 j+ 3.6148) + 1 | — .0082 | 22 12 28.27 |\— 0.1745 |— 5266) + .006 | + .0008 
a 2007 | 4.3] 6 8 35.62 5.80138 | — 4|}-+ .0009 |59 3 10.51 |\— 0.7247|— 7724) 4- .089 | -- .0271 
=| (5) 2045 | 5.5 | 6 15 58.97 | 5.2422 | — 8 | — .0050 | 58 28 56.15 |— 1.3973 /|— 76138 |- .064 | — .0072 
5 2101} 7.5 | 6 22 49.04 8.6267 | — 1 22 87 32.72 |— 1.9912|— 5254] +- .084 | + .0021 
q 
o (gy 2189 | 6.7 | 6 2757.13 /4 4.1205 |— 5 38 82 87.82 |— 2.4613/— 5967| + .057 | — .0215 
2159 | 5.1 | 6 30 24.17 4 2894 | — % | — .0013 | 42 35 46.54 |\— 2.7119|— 6187} + .069 | — .0594 
(7) 2187 | 5.1 | 6 35 11.25 |+ 5.3101 | — 20 | — .0110 | 59 33 53.72 |— 38.0706|— 7624) + .135 | — .0037 
2233 | 6.0) 644 8.54 3.5985 | — 4; —.0015 j 21 54 23.21 |— 3.8614;— 5133; + .060 | — .0298 
(8) 2301) 6.5 | 6 55 33.66 |+ 3.8211 | — 9 | + .0182 | 29 82 40.18 |\— 5.6255|— 5408] + .091 | — .8112 
2341 | 5.6| 7 3 88.30 4.6964 | — 23 51 37 59.68 j— 5.4925|— 6563; -+ .171 | + .0048 
(9) 2365 | 7.7 | '7 7 48.05 |+- 5.2023 | — 88 | — .0100 | 59 8 14.81 |— 5.8709;— 7218) + .237 | — .0248 
2410 | 3.6 | 7 12 39.39 3.5900 | — 7 | — .0009 | 22 12 387.58 |— 6.2573|— 4946] -+ .095 | — .0056 
(10) 2489 | 5.8 | 717 51.28 |-+ 6.3099 | — 83 | + .0016 | 68 438 2.93 — 6.7301|— 8650) + .488 | — .0479 |N 
2473 | 4.8 | 7 22 50.27 8.3489 | — 5 | — .0002 | 12 15 47.15 |— 7.1017 |—.004531) -+ .088 | — .0099 | N 
ery 2094 7.2 |14 058.56 |+ 2.6607 | — 4 31 26 53.82 |—17.4277 |+-.002028) -+ .101 | — .0994 
4701} 6.0 |14 3 37.04 2.2455 | — 6 |— .0070 |50 2 58.10 |-—17.1566/+ 1751} -+ .066 | + .0504 
(2) 4728 | 6.0 |14 9 21.04 |4. 2 4259 | — 5 42 6 22.85 |—17.0451 |+ 1965) -+ .079 | — .1011 
4758 | 6.0.|14 14 89.72 2 4642 | — 4 89 22 9.29 \—16.6933|-+- 2064) -+ .081 | — .0024 
(3) 4825 | 6.2 |14 29 31.88 | 2.4567 | — 2 37 10 33.39 |—15.9886 |+ 2244] -+- .078 | — .0536 
4841] 6. |14 88 30.82 2.2570 | — 2} — .0086 | 44 10 55.50 |—15.6918 |+ 2104) -+ .064 | -+- .0293 
(4) 4874) 6.2 |14 38 56.36 |+ 1.4902 | + 10 | + .0115 | 61 47 42.71 |—15.4542 4 1466) -+- .045 | — .0828 
4905 | 4.6 |14:45 37.48 2.7670 | +- 2/+ .0100 | 19 87 14.04 |—15.1218|-+ 2748) -+ .102 | — .0803 |N 
boi 63 5) 4926 5.7 114 50 19 27 |-+ 2.8287 | + 4|— .0020 | 14 57 9.49 |—14.7674 2853) -+ .106 | — .0009 | N 
o, 4949 | 49 |14 55 36.08 0.9848 | ++ 29 | — .0124 | 66 25 50.42 }—14.4330 |-+- 995) -+ .058 | + .0170 | N 
i 
= (6) 4974} 4.9 |14 59 40.35 |4+ 1.9810 | + 2/— .0876 | 48 8 380.82 |—14.1646|+ 2062) -+ .049 | -+ .0361 |N 
O 5000 | 7.2 |15 5 34.98 2.43802 | — 1 833 33 11.89 |—18.8332|-- 2626} -++ .070 | — .00238 
(7) 5072 | 5.3 |15 16 48.30 |-+ 2.4004 | +- 1 | — .0050 | 33 22 55.55 |—18.0981 |4+ 2701} -+- .065 | + .0104 
5113] 6.7 |15 25 24.60 1.9067 | + 4 48 8 385. 78 —12.5294 | 2226) -+ .044 | —- .0050 
(8) 5147} 5.9 |15 29 10.63 |4 0.8277 | +- 26 | — .0140 | 64 87 46.26 |—12. 1847 |+- 993} -++ .057 | -+- .0806 
5180 | 5.8 |15 85 14.29 2.7536 | -+- 4.| — .0005 | 16 25 44.68 |—11.8507|-- 8291) -+ .082 | — .0093 
(9 5210! 6.5 |15 89 26.97 |4+ 1.6301 | + Y | — .0040 | 52 45 22.11 |—11.5069|+ 1989] -+ .088 | + .0352 
) 5936 6.0 |15 48 25.40 2.4704 | + 8 28 32 28.75 |—11.2549 | 80380; -+ .062 | -+ .0011 
(10) 5271) 46 |15 48 21.29 |4 2.0728 | +. 2{| + .0400 | 42 48 8.18 |—10.2675 |4+ 2634 -+ .042 | + .6288 
5295 | 5.5 |15 51 14.70 2.1821 | + 3| + .0087 | 38 18 32.54 |—10.5979 |{ 2744} +4 .046 | + 0844. 
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= a poe ae 3 i? te 5s “ cabe ds as 100)8 8 
Star. Mag. | Bighdgeen-) 6 | = SR |g | Declination | 
‘ “ h a ; s ‘ oO / / : 
5941 | 2.3 |17 29 7.97'4 29,7828] + 00003 | + .0080 12 89 9.19 — 2.9184| + .004045) — .021 | — .2256 | N 
(L) go06 | 4.9 [17 37 43.11 |— 0.35921 + 11+ .0018/68 48 55.94/— 1.6344, 510| + .027 | 4 .8151 | N 
ox 6122 | 5.8 /17.57 21.18'— 1.0456] + 6 |-+ .0006,72 0 59.20\— 0.2304, 1598] + .016 | — .0078 
(2) 6143 | 3:7 [18 195.44 /4 2.8429] + 2 |— .0045| 9 82 51.52/4 0.9915|4 4139 — 002 |+ .0969 | 
». 6193 | 6.0 118 854.62 /+ 1.9987] + 2 |— 0017/38 44 2270/4 0.7888|4  2907/ — .002 | + .0048 
(3) 6908 | 5:3 [18 11 45.55 |4 1.8644, +  2|— 0007/42 7 3.70|+ 1.0809/+  2710/ —.002 | + .0024| 
1) 6282 | 6.5 [18 15 2.80]+ 2.8170 2|4+ .0030/29 86 47.62|-+ 1.3259/4+ 3370 — .006 | + .0102 
é (4) 6958 | 6:0 [18 18 33.05; 1.4124 1 51 14 28.25] 1.6091\-4+- 2046] — .002 | — .0122 
—_ 
= .. 6373 | 6.5 118 36.53.24/4 0.7307; — 4 60 35 43.03/-+ 3.2580|4+ 1038] — .012 | + .0451 
& —-() 6387 | 4°3 |18 40 16.96] 2.5800) + 2/— 0020120 25 41.21] 3.17264  3687/ —.0g2 |—.3341 | N 
(=) 
be gy 6476 | 6.0 |18 51 29.30|+ 1.5800 0 |— .0085|48 42 13.81|4 4.3436/4 9215] —.o12 |—.1240 
S (5) 6491 | 3°38 11854 16.09] 2.2439] - 1|— 0005/32 31 9.37] 4.7073|4+ 3159] —.023 | + .0029 | N 
». 6584 15.7 [19 012.14/+ 2.9792; 4+ 1 31 33 32.09|+ 5.1369/4+ 3188] —.025 |— .0706 
(7) 6579 | 6.0 |19 850.81 |-+ 1.5553; — 3 |—.0153/49 37 16.27| 6.5575|+  2120/ — .022 | + .6284 
3) 6599 | 4.5 1912 1.82]+ 2.0805] + 1 |— 0015/87 54 43.78|+ 6.2136\+ 2857; — .026 | + .0140 | N 
(8) 6656 | 6:5 {19 19 59.51 |+ 1.8074, -++  1|+ 0027143 8 42.9214 6.8221|+ 2574] — .024 | — 0862 
9) 6697 | 8.9 {19 26 33.26|+ 1.5140] 2 |+ .0021/51 27 51.024 7.5200|+ 2088] — .024 | + .1250 | N 
(9) gv40 | 4.0 '19 34 26.30 |4 2.3667] 4+ 1|— 0021/29 51 58.67\4 8.07864 3125! — .042 | + .0468 
(1) 7509 | 7.8 lot 28 59.03|— 0.1756, — 107 7 51 14.56/-+15.8451|+ 225 —.160 | —.0107 
) 7528 | 5.8 [21 32 16.21 |+4 3.0046, —  2|+ 0056] 5 12 30.91] 16.0610|+  2569| —.135 | + .0808 
(2) 1561 | 2.5 21 88 2.80|+ 2.9467 1|+ 0016] 9 18 9.89|+16.3381/+  2426/ —.129 |+ .0093 | 
*) 7597 | 5.0 [21 4182.10] 0.7568/— 41 |— 0126/71 44 50.27| 16.4608|+ — 546| —.065 |— .0483 
(g) BD.59.2444 | 7.4 21 55 28.04 /4 1.8887] + 7 59 41 56.80/+.17.1664|+ 1351 —.048 |+ .0044 
7712 | 6.0 [22 158.16|+ 2.8144) +  5|— o0ssi2i 5 42.22] 17.8875|+ 1944 — 119 |— 0655 
c4y 7760 | 6.2 [22 7 47.39|+ 1.8892] 10 69 30 55.01/4.17.7057/4+ 877) —.042 | + .oo7 
7796 | 5.1 |22 15 21.95| 2.95264 2/4 .0011|11 34 33.48] 18.0168|+ 1822 — 139 | + 0166 | N 
(5) 7820 | 5.0 [22 19 27.00|4 2.4198 + 15 | .0027/48 50 85.16)+ 18.1416|+ 1419] — .080 | — .o138 
: >) 7843 | 5.5 122 2418.86| 2.73784 11 |-+ .0084/31 55 59.80] 18.3258/+ 1542] —.113 |— 0058 | W 
e | es 
& gy 7915 | 6.0 22 85 58.01 + 2.6777] + 15 |4 0020/30 84 22.44)4 18.7157] + 1822] — 107 | — .o0g9 
5 7932 | 5.1 (2238 31.18| 2.6642; 4 16|— 0012/41 9 49.01) 18.8149/+ 1271) —.106 | + .0148 
i) 
c) (7) 1962 | 6.0 [22 44 43.70/ + 2.6935) 4 17 41 17 30.61/-+ 18.9762|4+  1185/ —.110 |— .oo61 
7978 | 6.7 |22 4728.86| 2.72751-+ 16 |—.0018/39 30 12.46] 19.0465|4+ 1155! — 114 |— 0121 
() 8024 | 6.5 [2256 14.00] 4 2.5188) + 26 56 26 3.211 19.2766/+ 926 —.092 |— .o064 
8052 | 4.5 [28 1 1.50) 2.914114  11/— 0010/24 47 38.07| 19.3660/+ 998] —.140 |—o2v79 
(9) 8078 | 5.2 [23 5 25.57|+ 8.0270/ + 8} 0007) 8 2 29.52|4 19.5022|+ 957] —.157|+ .0189 | N 
8122 | 6.8 [23 1829.04] 2.1787/-+  40/— 0096/73 0 21.60} 19.6084.1 555! — .063 |— .08e1 
(10) 8195 | 6.0 2325 8.80/4 2.9882; + 21 |+ ogesiss 82 58.874 19.74974 567] — 144 |— 0731 
8229 | 4.3 2382 0.62] 2.9250/-+ 25/4 0024/42 84 34.121 19.9075/+ 434) — 144] + ‘ov26 | N 
(11) 8252 | 6.5 [2387 0.68|4 2.8950) + 35 |— 0080|52 27 88.04) + 19.9492|+ 336) — .130 |— .004g 
8284 | 6.0 /28 43 19.97| 3.0289, +  16|+ 0036/28 8 47.79] 20.0206|+  285| —.159 | + 0194 
8317 | 7.5 [23 49 18.36 |4 2.9744 +  44|— 0028/56 42 59.50/+ 20.0216/+ 116] —.151 |—.0108 
(12) g324 | 4's |o3 51.24.51| | 3.0464| + 15 |— 0031/24 26 47.88] 20.0143|+ 80 — 163 | 0258 | N 
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Pair, al89h. 1895. 51894, 1895 Zenith Distance, 1894. S—N. 
hep. 8 s One! i “ fe) / M Do if 
1) 5 81 49.01 55.01 65 21.82 24.24 25. 1 58 N 
5 40 39.75 43.20 15 46 50.30 51.99 24 49 84 Saal =-12 94 
(2) 5 46 20.98 24.39 14 8 39,92 41.11 26 27 44 8 
5 49 48.83 55.05 67 0 10.13 10.97 26 23 46 N | + 358 
(3) 5 55 39.46 43.79 42 54 51.33 B1.55 2 18 27 N 
5 59 16.70 20.83 38 29 30.42 30.44 2 6 54 Suu 1t 89 
4) 6 8 8.89 12.50 22 12 24.01 23.73 18 24 0 8 
6 10 16.34 21.64 59 «2 55.35 54.47 18 26 31 Nig pee 2 81 
ny 05) 6 17 83.56 38.80 58 28 28.23 26.68 17 53.) 4 N 
= 6 23 57.95 61.58 22 36 53.95 51.85 17 59 30 ge 2-28 
° 
5 (6) 6 29 15.58 19.71 33 81 49.98 47.40 2 4 84 Ss 
6 81 45.66 49.95 42 34 53.90 51.06 1 58 30 Noa -6< 4 
7) 6 36 52.11 57.42 59 32 54.00 50.78 18 56 30 N 
6 45 11.90 15.50 21 53 8.92 4.96 18 43 15 Seu "18:15 
(8) 6 86 46,24 50 06 29 30 52.32 46.59 11 5 32 S 
7 5 7.49 12.18 51 86 14.14 8.52 10 59 50 N | 4+ 542 
(9 7 9 26.83 32.08 59 6 21.97 15.95 18 29 58 N 
) 13 417.59 51.18 22 10 37.80 31.44 18 25 46 Seed 19 
(10 7 19 5102 57.31 68 40 53.50 46.60 28 4 30 N 
) 7 283 58.79 57.13 12 13 31.40 24.21 28 22 53 Bate 1s 33 
i +4 14d ti 46.77 31 21 23.06 5.67 9, ibe Ss 
(1)! 44 4 19.69 21.93 49 57 32.44 15.32 9 21 8 NA 87 
@ 14 10 7.12 9.55 42 0 59.85 42.34 1 24 35 N 
Met 415 226.53 28.99 39 16 52.49 35.84 1 19 32 ree eS 
. 14 80 18.55 21.01 87 5 30.01 14.07 8 30 54 S 
(3) | 44 384 13.70 15.96 44 6 57.73 42.08 3 29 384 Nat 1-90 
r 14 39 24.69 26.18 61 42 49.34 33.92 21 6 26 N 
(4) | 44 46 30.06 32.83 19 32 27.22 12.15 21 8 57 Sing fet 9.28 
i 
= < 14 51 13,02 15.85 14 52 29.42 14.71 25 48 55 g 
a (5) | 44 55 53.89 54.83 66 21 16.37 1.96 25 44 52 Cp eae My, 
2 Fs 15 0 17.99 19.97 48 8 62.06 41.94 1 27 38 N 
mom (6) | e345) geoits 23.58 33 28 49.53 85.76 1 7 84 Beil) eon a4 
; 15 17 33.91 36.31 38 18 47.27 34.23 7 17 87 8 
G2"). 8155-96 0:88 2.74 48 4 38.12 25.64. 7 28 14 Neus. 10. 37 
3 15 29 26.40 27,93 64 38 54.93 42.76 23 57 31 N 
(8) | 45 36 6.62 9.37 16 21 60.06 48.27 24 14 24 S | + 1653 
, 15 39 57.96 59.59 52 41 48.84 82,37 12 5 20 N 
(9) | 45 44 12.84 14.81 28 28 55 45 44.26 12 7 29 Sui i\ ue ve <9 
os 15 49 0.68 2.15 42 44 58,57 43.36 2 8 30 N 
(10).| 45 51 56.17 58.35 88 15 11.67 1.13 2 21 12 s | + 1242 
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Pair. al89h, 1895. 5189h. 1895. Zenith Distance, 1894. S—N. 
a. h ae Ss 's ©) / ‘/ 4/ oO / ‘i / d/ 
17 30 0.85 3.63 12 88 14.47 11.63 27 58 10 S 
(1) | 47 37. 34.30 33.94 68 48 24.79 23.15 98 12 1 N oleta18 51 
2 17 57 1.83 0.29 72 0 54.38 54.11 - 31 24 30 N 
@) | 18 92 19.46 22,30 9 82 56.48 56.78 31 3 28 g) (e219 
3 18 9 32.60 34.60 88 44 38.12 38.96 1 BL 46 s 
@) | 4g 12 20.98 29,84 42% 23.77 24.86 1 31 40 N | + 20 46 
‘ 18 15 46.83 49.15 29 87 13.42 14.81 10 59 it S 
: ® | 18 18 59.89 61.30 51 14 59.19 60.84 10 38 35 N | + 20 36 
= 
18 87 7.12 7.85 60 388 45.14 48.42 20 0 2t N 
a 9 ©) 18 410 anes 8.56 2) 26 42.15 45.40 20 «9 «42 8 | Se 9 st 
= fe 18 51 59.32 60.90 48 43 86.73 41.12 8 7 18 N 
c} 1) 18 54 58.71 60.95 32 32 39.38 44.15 8 8 45 §. | 4.59 98 
t 19 0 55.45 BT 73 31 85 10,27 15.47 9. at a4 8 
) 19 9 20.36 21.91 49 39 21.24 27.84 9 2 57 Nop Ase 8 
(3) | 19 12 41.35 43.43 87 56 42.35 48.62 2 39 42 Ss 
19 20 35.56 37.46 43 10 53.01 59.88 2 34 29 N | + 518 
@ 19 27 2.02 3.53 51 30 14.27 21.83 10 53 50 N 
>| 419 85 11.97 13.64 29 54 32.73 40.87 10 41 51 g? | 259 
(iy | 21 28 55.50 55.30 "5 56 15.58 31.42 35 19 52 N 
21 33 13.29 16.29 5 17 36.58 52.64 35 18 47 ey Sees sy 
(2) | 2t 88 58.79 61.74 9 23 20.75 37.14 31 13 3 Ss 
91 41 46.41 47.16 71 50 3.13 19.60 31 13 39 N | +4 0 36 
(3) | 2t 55 68.94 60.83 59 47 22.71 39.90 19 10 59 N ; 
22 2 51.64 54.46 21 11 12.93 30.36 19 25 11 8. i St iete 
(4 | 22 8 18.7 15.16 69 36 31.58 49.30 29 0 8 N 
22 16 18.05 21.00 11 40 16.13 34.18 28 56 8 GS) | ekaed EO 
(5) | 2% 20 18.00 15.42 48 56 20.11 38.28 8 19 56 N 
22 25 10.90 13.64 32 1 48.26 66.62 8 34 36 S | + 14 40 
- gy | 28 36. 43.91 46.59 39 40 18.28 37.02 0 56 6 8 
a 22 39 21.83 24.50 41 15 46.72 65.56 0 39 28 N | + 16 48 
Sz) | 22 45 84.91 37.61 41 23 81.87 50.37 047 7 N 
5 22 48 20.71 93.44 39 36 14.55 33.62 1. ag S | +13 2 
lal 
5 (sy) | 22 87 1.90 4,42 56 82 9.68 28.93 15 55 46 N 
23 1-56.89 59.81 24 53 46.20 65.59 15 42 38 § Hiss 
(9) | 28 6 28.09 26.12 8 8 40.24 59.76 32 27 44 Ss 
23 14 38.51 5.69 "3 6 34.26 53.88 32 30 10 N | — 226 
(10) | 23 26 4.87 151 38 39 14.22 33.98 1 57 10 Ss 
23 32 56.24 59.17 42 40 52.44 72.36 2 4 28 Ni a7 48 
(ity | 28 8% 55.75 58.65 52 88 52.13 72.09 11 57 28 N 
23 44 117.45 20.48 28 15 8.22 28.25 12 21 16 S|. + 23 48 
(1g) | 23 80 14.95 17.98 56 49 19.94 39.96 16 12 56 N 
23 52 22.49 25.47 24 33 7.66 27.68 16 3 16 WE eee ei) 
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The Latitude Observations. 


The details of the latitude determination are found in the pages following. The 
expression for the latitude is— 


= (6 + 0) + 4h (M—M) + 3d [(n—n’)—(8’—8)] + (mm + m’) + 4 (r—-7") 


Mand M’ are the corrected readings of the micrometer. 
n, 8, n’, s’, the readings of the north and south end of the level for the two stars. 
- m, m’, corrections for curvature. 

r,7’, corrections for refraction. 

The contents of most of the columns will be sufficiently explained by the headings. 

Column P gives the position of the instrument. 

D, direct, the telescope east when pointing south of the zenith. 

it, reverse, the telescope west when pointing south of the zenith. 

Column C' gives the correction for progressive errors of the screw. 

Levels A and B, the value of (n—n’) — (s’—s) for each level. 

Column 46 gives the correction required on account of Az, found on page 83. In 
case of those pairs observed with threads JJ and JV this is combined with the correction 
for the amount by which the distance between those threads differs from twenty revo- 
lutions of the screw. 


90 


very poor ; c=levels discordant; d=clouds. 
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Throughout this table the footnote references a, b, c, and d indicate as follows: 


a=e. e. f.; b=definition 


Levels. MA Corrections. Ther- 
189), | Star.| P Micrometer. C r . 3(0 + d/) See ; ; Sipe Latitude. | mom. 
Jan. a Onan fe) 
19 |I 1) D (27.8237 |12.6470 |+ 31] —2.9 | —8.4 | 40 42 48.42 | —6 23.56 | — 60}— 90 |—13] 8 |40 36 23.31 | 30.6 
2 24.6583 |20.4470 |4+ 94; —4.0 | —2.0 | 40 34 36.71 | +1 46.65 | + 17)— 90/4 4/ 8 22.75 
3 30.1117 15.9673 |4+374) +1.2 | + .8 | 40 42 22.54 | —5 58.34) — 56) + 380 |—10| 6 23.90 
4 18.5863 |22.0447 |4 8) 41.3 | + .1 | 40 37 50.67 | —1 27.41 |— 14/4 23 |— 3/7 28.09 e160 
5 17.1530 25.5403 |4 97) — .2 | —1.3 | 40 82 51.48 | +3 32.17) + 383|— 20/4 7| 7 23.92 
6 25.1847 |18.3807 |+106) —4.5 | —4.4 | 40 33 31.80 | +2 52.19 | + 26 | —1.28 |+ 5| 6 23.08 
ca 29.3270 {13.2580 |+191] +1.0) +1.0 | 40 48 10.77 | —6 46.48 | — 64|-+ 29 |—12| 7 23.89 
8 23.8183 |17.3970 |+- 34) —2.9 | —2.9 | 40 33 41.17| +2 42.34] + 25|}— 84/4 5| 6 23.03 | 30.6 
9 22.2030 16.9083 |— 21} —1.6 | —2.0 | 40 38 87.24 | —2 18.73 | — 21|— 51/— 4| 7 22.82 | - 
ae 10 7.5603 4/29.0650'|— 24) —1.5 | —1.2 | 40 27 19.29)49 3.31} + 88|— 40 |+20) 9 23.32 | 29.6 
I 1) R /14.0800 |29.3817 |4227 9 .7 | 40 42 49.16 | —6 25.95 | — 60|-+ 26 |—13) 8 22.82 | 21.5 
2 19.9213 [24.0473 70) +1.9 | + .9 | 40 34 37.46 | +1 44.48) 4 17)-+ 42)/+ 4) 8 22.60 
3 14.6907 (28.9170 |+-222) — .1| + .4| 40 42 23.86|—6 0.03|— 56|-+ 3/|—10| 6 22,76 |21.0 
4 24.2683 /20.7807 |+ 77) 41.5 1.6 | 40 37 51.48 | —1 28.82| — 14/4 44|— 3) 7 23.50 | 21.0 
5 24.8627 |16.5750 |+ 52) +1.6 | +1.5 | 40 32 52.30 | +8 29.54| + 33 + 45|+ 71% 22.76 
6 16.3180 |23.0093 |— 22) +1.7 | +1.2 | 40 33 32.66 +249.02}+ 26/+ 45/|+ 5] 6 22.50 
7 12.1583 |28.3080 | 32) + .7|-+ .6 | 40 48 11.61|—6 48.15 | — 64|-+ 18 |—12| 7 22.95 
8 17.2093 |23.5427 |+ 20] +2.0 1.5 | 40 33 42.02 | +2 40.08) + 25)-+ 52/|+ 5] 6 22.98 | 20.2 
9 18.1737 23.5317 ae 40) — 8) -— (3) 40 38 38.17 = 2) 15-489) 1) Sd ae 22.44 
; 10 31.7237°|10.2847")4- 12) —2.1 | — .2 | 40 27 20.05/49 1.74 -+ 83|— 86 |+20| 9 22.55 | 20.6 
an. 
27 |I 1) D \27.6193 /12.8807 |— 1) — .7 | —2.2 | 40 42 49.29 | —6 25.04 | — 60|— 41 |—13] 8 23.19 | 26.8 
2 22.0680 |17.9097 0) +1.1 | + .1 | 40 84 37.62 | +1 45.07 + 17/4+ 17/4 4/8 23.15 
3 27.8453 |13.1350 |+ 380] —1.0 +1.2 | 40 42 23.54 | —5 59.14 | — 56]}— 31 |—10| 6 23.49 | 26.4 
4 17.1290 |20.6350 — 34/ + .6|— .3 | 40 37 51.66 | —1 28.50} — 14 + 6\/—3|7 23.12 
5 15.8263 (23.6640 |— 37 0} + .2| 40 32 52.49 | +3 30.58; + 33/1 2\/+ 7/7 23.56 
6 23.2457 |16.5018 |— 7] — .8| —1.8 | 40 33 32.86 +2 50.40) + 26|— 87)/+ 5| 6 28.26 | 26.8 
uf 27.9270 |11.8237 |— 22) —1.9 | —1.8 | 40 48 11.80] —6 46.84 | — 64]— 65 |—12| 7 28.72 | 26.6 
8 23.3103 |16.9490 7) —1.3 | — .5 | 40 88 42.24) +2 40.75 + 25|— 26/+ 5/6 28.09 
9 21.9970 17.6553 — 8+ .2/|-+ .9 | 40 88 38.33 | —2 14.95 | — 21 + 14)— 4) 7% 23.34 
- 10 8.3810 #/29.8150%|— 11 0 0 | 40 27 20.25/49 1.56)-+ 83 0 |+20) 9 22.93 
an. 
27 |IL 1] D /15.6308. |22.0747 |— 64) —1.5 | —1.2| 4039 6.40) —2 42.67 |— 25|— 41 |— 5| 6 23.08 | 23.8 
2 23.7070 18.5518 |4 34) + .9 + .5 | 40 88 34.01 | —2 10.86 | — 20|-+ 22 /|— 3) 6 23.70 
38 21.9730 19.5720 |+ 15) + .7 | — .1|40 35 21.41 +1 0.71/+ 10|+ 10/+ 2/6 22.40 
4 19.7397 117.6017 |e —— 6 +1.0 | 40 87 16.62);— 53.95;— 8/+ 3/—2|7 22.67 
5 19.4913 |19.8543 |— 1) +2.2 +1.7 | 40 36 31.45;— 9.17;— 1)+ 57/—0| 9 22.93 |22.6 
6 31.2783| 8.3383 %\— 5] 11.6 +1.6 | 4046 2.72} —9 89.68 }— 88|-+ 48 |—17/| 6 22.58 
i 14.6627 | 26.3770, + 53) — .56|+ .6|40 41 19.42/—456.18;— 46/4 1/ 8/| 6 22.82 
Jan. 8 9.5983 *|30.491 0%" 0} + .9 | — .6 | 40 27 35.41 +8 47.91|}+ 81)/+ 7|+17] 8 24.45 | 22.6 
28 I 1! R /12.5893 |27.8300 + 26) + .5/ + .8|-40 42 49.35 | —6 25.16} — 60 + 18 |—13)] 8 23.72 | 24.0 
2 19.0140 }23.1798 |+ 41) + .1]— .5 | 40 34 37.67 +145.85|/-+ 17;/— 5|+ 4/8 23,26 
3 13.6527 |27.8787 -+ 91} — .1/ + .8 | 40 42 23.60 | —5 59.69|— 56/+ 9/10] 6 23.40 
4 23.6663 |20.1833 + 68) +1.5 | +1.5 | 40 87 51.73 | —1 28.15 | — 14|- 43 |— 3) 7 23.91 
5 23.9243 |15.5990 |— 19] — .3 + .2 | 40 82 52.56) +3 30.381} 4+ 438)/— 2/4 7) 7 23.32 a 
6 17.0703 |23.7873 + 26) — .4] — .9 | 40 33 32.95 | +2 49.79] 4 26}— 20|+ 5] 6 22.91 
ae q 13.7950 |29.9000 +259) —1.6 | — .9 | 40 48 11.88 | —6 47.59 | — 64/— 38 |-12| 7 23.22 | 22.3 
30 |[ 1] D |24.8483 | 9.5513 |—873] —-1.8 —1.0 | 40 42 49.44 | —6 25.45 | — 60|— 40 |—13/ 8 22.94 | 32.6 
2 22.4630 18.3093 14) —1.2 | —2.9 | 40 34 37.78 | +1 44.99) + 17|/— 56 4|8 22.50 
3 26.3643 /12.0900 |— 96 1.4) = £5 | 40 42 23:73) = 6 0,43) = 56 + 29 |—10) 6 22.99 
4 17.9990) 121.5027 12 16) ==1°S 4) 4 posy 51.85 een 28.61) — 14)/— 384 \— 3) 7 22.90 
5 16.8840 (25.1503 |--_ 73 + .8| + .8 | 40 32 52.69) +8 29.05 | + 33 + 24)/+.7| 7 22.45 | 32.3 
I 6 23.8970 |1'7.1908 + 32) — .6 | —1.2 | 40 33 33.09 +2 49.54) + 26|]— 25 5 | 6 (40 36 22.75 |82.4 
ti 28.1793 |12.0873 |+ 16] —2.0|—~— .5 | 40 43 12.02 | —6 47.91; — 64|— 388 Pa ui 23.04 |31.6 
8 22.1067 |15.7443 |-- 61! —1.0 | —1.0 | 40 33 42.48 |12 40.61 | + 25|— 29)\+ 5) 6 23.16 
9 22.5473 [27-2050 — 6) ~—1.2 | —1.7 | 40 88 88.56 | —2 14.97 | — 21/— 41|— 4| 7 23.00 
10 8.1260 *129.5650"\— 13 + .5/-+ .7| 4027 20.46)-+9 1.68|-+ 838)+ 17 |+20] 9 23.438 (31.1 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


91 


189h,. 


Jan, 
31 


Feb. 
x 


Feb. 
4 


Feb. 


Feb. 
11 


Feb. 


Levels. Corrections. Thee 
i 1S AN) = - — a = 
Star. | P Micrometer. Cc , a 4 (d 0 ) ae. ; ; eel Latitude. aie 
yf} W Woes abn fe) 
[I 1] R /11.4548 (26.7167 |—124) -—- .4] — .9 | 40 42 49.50 | —6 25.83 | — 60) — 20 |--13)| 8 /40 36 23.32 |28, 
2 17.9183 |22.1020 0) —-2.1 | —2.1 | 40 84 37.84} -+1 45.71} + 17/-—- 62/+ 4/8 23.22 
4 22.8580 |18.8797 |-+ 18] + .6 | —1.0 | 40 87 51.93 | —1 27.81|-—- 14/— 38|— 3/7 23.99 |28.7 
5 24.9987 |16.6793 |-+ 59) —2.0 | —1.1 | 40 82 52.76 | +3 30.36 | + 33|)— 45/4 17 7 23.14 
6 16.7857 |23.4720 |-- 6) — .8 | —1.2 | 40 88 38.18 | +2 50.22 | + 26/-- 22/+ 5/6 23.55 
7 12.4090 [28.5417 |-+- 66) — .6| — .0 | 40 48 12.10 | —6 47.80 | -- 64|)-- 8 |—-12| 7 23.53 
8 17.7410 |24.0987 |-+ 51) + .4]-+ .6 | 40.88 42.56) +2 40.65} -+ 25 + 12 \+ 5] 6 23.69 | 27.5 
9 18.1583 |28.5107 |-+ 40) — .4| — .2 | 40 88 38.65 | 2 15.84)/— 21/— 9|/ 4] 7 23.04 
10 82.2200") 10.8167 #|4- 19} +-1.2 | +1.8 | 40 27 20.54; +9 0.86] -- 88] -+ 42 |-+20| 9 22.94 | 28.4 
IL 1] R [22.9023 |16.4987 |— 18) —2.2 | —2.2 | 40389 5.94|—2 41.88; — 25/— 66 |— 5| 6 23.16 | 23.4 
2 18.4417 |28.5673 |-+- 45; —1.0 | — .4 | 4088 38.51; —2 9.63/— 20|— 21 |— 8] 6 23.50 
3 19.4670 [21.9317 |4- 14) — .4| + .1) 40 85 20.83) +1 2.81)+ 10)/— 5+ 2) 6 23.27 
4 20.5023 /22.5873 |-- 28) — .1| — .6|408716.04|— 62.735|/— 8/— 9/|—2)|7 Qe Wiel oa.e 
5 21.7963 |21.4990 |-+ 4) -+ .2/-+ .38| 4036 30.93|— 7.652;— 1/|— 1 0; 9 23.48 
6 9.1133 #]31.9680%!-4- 17) —1.7 | —2.0/ 4046 2.04] —9 37.53 |— 88]— 56 |—17/ 6 22.96 
7 26.7263 |15.0683 |+- 92) +1.7| + .5 | 40 41 18.66 | —4 54.938 | — 46 Cao) f= 3h) 28.58 | 23.1 
8 31.6433" /10.6317 4+ 8} + .4 0 | 40 27 34.67 | +-8 47.90 - 81/- 8 |--17]| 8 23.71 
10 27.2713} 11.2683 4)4- 25) —1.2 | —1.5 | 40 29 38.382|-+6 44.42 | -+ 61]/— 88 +11) 7 23.15 
IL 1] D {16.1918 |22.6443 |— 33} +1.1| +1.9 | 40 39 5.63)—2 42.97); — 25)-+ 45 |— 5] 6 22.87 | 18.26 
2 23.3880 {18.2530 |-+ 37) +1.1 | -+ .2 | 40 38 383.17; —2 9.84; — 20/-+ 20/— 38) 6 23.36 
3 20.8503 {18.3943 |— 9) —1.3 | — .9 | 40 85 20.44/-++1 2.03/+ 10}|— 83)|+ 2) 6 22.32 | 12.3 
I 1| D /|27.4927 |12.1777 |— 22| +°.5) + .8/| 40 42 50.00| —6 26.92 | — 60 12) /—18) 8 22.55 | 18.2 
2 22.6073 18.4880 |-+- 19] —1.5 | —2.4 | 40 34 38.37/ +1 45.40} -+ 17;/— 55/+ 4/8 23.51 
4 17,8907 |21.4060 |— 10); —1.6 | —1.1 | 40 87 52.49 | —1 28.80} — 14]— 40 |— 38| 7 23.19 
5 17.0087 (25.8177 |-+ 85) —1.3 | —1.5 | 40 82 53.36/ +3 30.16 | -- 83)/— 40/4 7| 7 23.59 | 15.8 
6 24,2170 |17.4928 |-+ 50) —1.8 | —1.7 | 40 88 33.81] +2 50.03) -+ 26|— 58/)/+ 5] 6 23.68 
Wr 28.7087 {12.5730 /-+ 90} —1.5 | —1.1 | 40 48 12.72 |! —6 47.94 64 Gateh | ee aS 23.71 |16.6 
8 23.2483 |16.9587 |-- 7) — .4| — .7 | 40 38 48.22] +2 38.94) 4+ 25 US WSR Gayl We 22.34. 
9 23.1897 {17.8510 |-+- 25) —1.7 | —2.0 | 40 88 39.30 | —2 14.96 PE me Nay 23.64 
10 9.2247 4130, 6597" 0! —1.7 | — .6 | 40 27 21.14) -+9 1.61/-+ 88 34. |-+20| 9 23.53 | 15.2 
[ 1] R |12.7857 |28.0720 |-+- 57) — .1| — .8 | 40 42 50.11 | —6 26.39 |— 60}/— 17 |—18/ 8 23.00 | 22 
2 18.3510 |22.4828 |-+- 16; —3.2 | —4.6 | 40 34 88.48 | -+1 44.43 ieee 41S 22.09 
3 18.2438 127.570 | 47) — .9 | —1.2 | 40 42 24.52|}—6 0.538; — 56 |— 30 |—10) 6 23.09 
4 22.9643 |19.4523 |+ 386] + .7| -+ .4 | 40 87 52.64] —1 28.83 |— 14]-+ 16|— 3 a 23.87 | 23.6 
5 24.2867 |16.0197 |-+ 13) + .8 | +2.1 | 40 32 53.49 | +8 28.92 | 4- 33) -+ 382)\+ 7 7 23.20 | 23.5 
6 17.3518 |24.0687 |+ 41) + .8/ + .5 | 40 88 83.95|+2 49.71) + 26)-+ 10/4 5 6 24.138 
Hy 13.0087 /29.1663 |-+-154;— 0|— 0/40 43 12.87|—6 48.65 |— 64|— 0 |—12 if 23.00 | 23.0 
8 17.7067 |24.0000 |-+- 47) +1.6 | +1.4 | 40 33 48.37 | +2 39.14| + 25.) + 45 |+ 5 6 23.32 
9 17.6847 |23.0847 |-+- 18} + .1 .0 | 40 88 39.45 | —2 16.49 |; — 21 | +4 Sian Allg 22.81 a 
10 82.4257'7}11,0243 9| + 23) — 0) — .2!140 27 21.29) +9 0.82; + 83)/— 2 |-+20 9 28.21 | 23.4 
L 1) D/27.9178 |12.6890 |-++ 88) —1.8 ) —2.5 | 40 42 50.39 | —6 26.14 | — 60|— 60 |—13 8 238.00 | 33.5 
2 22.9650 118.8243 |-- 82) —1.5 .0 | 40 34 38.81] +1 44.71) + 17}/— 24\+ 4] 8 23.57 
3 28.1970 |13.8757 |-+-1380] +2.6 | +1.8 | 40 42 24.90 —6 2.19;|;— 56/-+ 57 —10} 6 22.68 
4 18.0300 |21.5780 |— 5] — .9| —2.3 | 40 87 58.04] —1 29.64) — 14|— 44 |— 3] 7 22.86 | 33.3 
5 16.5260 |24.7928 |-+ 47) — .5 | — .1 | 40 82 53.92 | +8 28.99 | + 33 | — TRU AS 28.27 
"i 29.4467 |18.2908 |-+193] — .5 | —1.9 | 40 48 18.385 | —6 48.72 | — 64 |— 81 |—12| 7 23.63 
8 23.7220 |17.4473 |-_ 32) — .5 | —1.5 | 40 33 43.92] +2 88 63) + 25}/— 27\/+ 5 6 22.64 |32.1 
9 28.9587 |18.5488 |-+ 59] -- .8 | --2.2 ; 40 38 40.00! —2 16-86 | — 21 | + 42 |\— 4) 7 23.88 | 32.6 
10 9.8677 #131.2503'%|4- 4) + .2| — .1 | 40 27 21.82 +9 0.80}-+ 838] - 1 |+20) 9 23.25 
II 1) D /15.6027 |22.0210 |— 69, — .8| + .4|4039 5.44|—2 42.00; — 25)— 10/|— 6 23.10 | 25.2 
2 28,9843 118.8048 |+ 60) -+ .9|-+ .4/ 4038 32.92/—2 9.77)/— 20|+ 21 \— 3/ 6 23.19 | 24.8 
I 1] R 12.0227 27.8173 |— 45) — .8 | —1.4 | 40 42 50.54 | —6 26.34; — 60)— 382-13) 8 23.23 | 27.4 
2 18.6287 [22.7487 |+- 24| —1.8| — .4| 40 84 88.99) +1 44.29;+4 17|/— 384/+ 4] 8 23.238 
3 18.8550 |27.6370 |+ 62/ — .6| — .7 | 40 42 25.12;—6 1.08|— 56|— 17|—10| 6 23.32 
4 28.8620 |20.8357 |-- 65| —1.8 | — .6 | 40 87 53.27 | —1 29.27 — 14;— 27|-— 3) 7 23.63 | 26.5 
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co 
bo 


THE SAYRE OBSERVATORY. 


Levels. 


Corrections. 


189). | Star. | P Micrometer. Cc Fi é 4(d +d’) ee s ; a Latitude. ther 
Feb. O- Meath OM li fe) 
15 |L 5] R [24.9280 [16.6798 |4 56) + .4/— .2 | 40 82 54.17| +8 28.57/+ 33/4 2/4 7| 7 [4086 28.23 
6| |17.2970 /23.9450 |+ 36| 1.1] — .3| 40 38 34.71] +2 48.07|+ 26|— 21/4 5| 6 22.94 | 25.4 
7 18.0220 29.2033 [1155] — .6 | —1.4 | 40 43 13.62 /—6 49.25 | 64|— 99 |—19] 7 23.39 |24.8 
8} 17.5477 23.7933 [4 37| +1.0| +1.3 | 40 83 44.23/+23790|+ 25/4 38/4 5] 6 22.82 
wep,| >| (18-4808 [28-0128 [+ 58) — .2| + 2/40 88 40.81) —8 17.17) — a O14 22.96 |25.3 
eb. ; 
16 [I 1} D [26.2988 |11.0240 |_177| +1.1 | —2.2 | 40 42 50.62 | 6 25.87|— 60|— 11|-13| 8 [24.49] 16.3¢ 
Q|  |23.2107 |19.0543 [4 41] 43 | 1.0 | 40 34 39.07| +1 45.18; + 17/— 82|4 4] 8 [28.67]] 
3) 27.7577 [18.4470 |4 75] +2.3| +1.0| 40 42 25.91/6 1.79|— 66/+ 48|-10/ 6 23.30 | 8 
4; |18.2070 [21.7377 |— 1/— .1|— .5| 4087 53.36|—1 20.01|— 14|/— 10/23) ¥ 23.95 |17.5 
5} [16.9117 [25.1800 |+ 73] +2.0| 41.8 | 40 32 54.26) +3297.84| + -s8]/4+ 54/4 7| 7 28.11 
6) 24.8087 [18.1883 /4+ 87] +1.7| + .1| 40 38 34.82] +2 47.50| 4+ 26/4 e7l4 5] 6 22.96 
7| (28.1637 |11.9810 |. 10/— .2| +2.0| 40 43 13.72| 6 48.93|—  64|+ 93|-12| 7 [24.84]|17.90 
8| [23.7047 |17.4350 |4 32] + .6| +1.0 | 40 33 44.34/42 3850/4 25/+ 22/4 5] 6 23.42 | 16.6 
9/ 24.8793 18.9517 |4 70) — .7| — .3 | 40 88 40.42| 2 17.32 — a1|— 15|— 4| 7 22.77 
10] | 9.8317 */30.7380"|— 0] —1.8 | —2.8 | 40 27 22.05/+9 0.89; + 83/— 54|+20] 9 23.52 
II 1] D /17.1887 |23.5290 |4 90] 3.1 | 3.1 |40.39 5.27|—2 40.88|— 25}/— 90|- 5] 6 23.75 | 9.50 
Q| 28.2428 18.1080 [1 31/— 2) + .2| 40 88 32.72/2 9.81/— 20/— 5|-~ 3/6 22.69 
8| 20.7750 18.2598 |— 11] — .7| —1.4| 4035 19.79/41 3.54/+ 10/— 29/4 2] 6 23.22 | 10.4 
4| [20.4573 |18.4507 9|— .9|— .7 | 40.87 14.90] — 50.68|— 8/— aa) 9) 7 23.94 |10.8B 
5| |18.6610 18.8947 4| —1.0 | —1.9 | 40 8629.64; 5.89/— 1/— 40| 0/9 28.43 
6) 81.6043") 8.793044 5] .3|— .2| 4046 0.61|—9 36.40|— 88/— 7|-17| 6 28.15 | 10.2 
7 (14.2550 25.8027 |4 7] 41.6] +3.0|40 41 16.99| 454.07; — 46|+ 62|— 8] 6 23.06 | 10.0 
8} | 9.2690 )30.1943"|___ 9} 1.2.5 | 41.8 | 40 27 82.97| +8 48.73| + 81|+ 68\+417| 8 23.39 
Feb.| 10) |11.5480 |27.6193 |4+ 15) 4+ .8|— .8 | 40 29 86.31| +6 46.25|+ 61|+ 1/411] 7 23.36 (9.9 
19 |I_ 1) R 18.8837 |28.7000 |4139} + .4] + .1 | 40 42 50.88 | —6 27.36|— 56/+ 5 (|-13] 8 22.96 36 
2) 18.6097 [22.7193 |4 23) 1.4] 1.7 | 40 84 39.36] 41 43.90| + 15|— 44/4 4| 8 23.09 
Feb.| 3] __ [12.8048 27.1183 |— 5] 1.1 | —1.1| 40 42 25,.53/6 1.67|— 53|— 39|-10] 6 22.90 | 36.5 
20 [L 2) R 17.7277 |21.8047 |_ 9] -1.6| — .8 | 40 34 89.45] 41 42.99| + 15/— 39/4 4| 8 22.32 |83.9 
3) 12.0477 |26.8877° |_ 97] —1.1 0 | 40 42 25.63/—6 2.09|— 58|— 17|-10| 6 22.80 
ep.|: 4) [22-8067 [19-2490 /+ 82) 1.0 | —1.0 | 40 87 58.791 29.98 | 18] 27/8) 7 23.45 |34.1 
ep. 
23 [I 1) R |11.9477 |27.3090 |— 50] +1.5 | 44.5 | 40 42 51.08| —6 28,02] — 56/4 41 |-18] 8 22.86 | 22.5 
2} 17.6373 |21.6820 |— 12) 42.6 | 41.7 | 40 34 39.60) 41 42.17; + 15]-+ 63|+4 4) 8 22.67 
3} |18.8587 27.6937 |+ 66 +1.3| + .6 | 40 42 25.81/—6 2.38] — 53/+ 30/10] 6 23.16 
4) 23.2780 |19.6704 |4 46] + 1g] + .8| 40 8754.00] —1 31.15|— 18|+ 23 /— 3| 7 22.99 
5} /25.2697 |17.0783 |+ 84/11] — 0| 40 3254.94) +897.19|/4 30/— 15|4 7| 7 22.42 |22.8 
6) 16.7523 |28.3610 |4 4] +2.1 | 12.9 | 40 88 35.57/12 47.00| + 24|+ 62/4 5| 6 28.54] * 
7 18.3100 |29.5847 |+201] — .4| + .8 | 40 43 14.49| 6 50.47|— 60|/— 1|—12| 7 23.36 |21.4 
8} 18.7200 24.9213 |4 98] 41.5 | 41.7 | 40 88 45.21/19 36.94; 4+ 93|4 47|/4 5] 6 22.96 
9 |18.0897 /28.4643 |4 40| +1.9| +2.4 | 40 38 41.80/29 18.43|— 90/4 61|— 4| 7 23.31 
10) |82.1843""/10.7993 #4 17] — 9] + .2 | 4027 28.05|4859.13|+ 77/— 01420] 9 23.24 |20.1 
TL 1/D {18.4400 [24.8253 |4 91) + .9| + .7/4039 5.44/29 41.57|— 24/4 93 | 5] 6 28.87 | 12.0 
2 22.6247 17.4540 |4 9| 13.6| +8.1 | 40 38 32.84| 2 10.66| — 19 > 98 |— 3| 6 23.00 | 
3} 20.7480 |18.2877 |— 10] + .4| +1.0| 40 35 19.78/41 214/4 9|4+ at l4 2/6 22.30 |11.9 
4\ 20.1477 |18.0077-|— 15) — 181 — 1 | 40.3744 Sle. opt-7e | ee enone 22.96 11.6 
5} 19.8987 [20.1760 |4 1] +1.0| 41.38/40 3629.47; 7.01/— 1/4 38/0] 9 22.87 
6; 81.1100") 8.28834) g} +. .9 | — 5 |40 46 0.42|—9 36.63 | — —17| 6 1 
7| {13.8858 {25.5263 (152 (0| + ‘8 | 40 41 16.66|—458,76|— 4811. 10 —"3) 6 2.5 | 
Feb. 10) | 9.7060 #25. 7673") +. 78] + 9 | — .3 | 40 29 85.81| +6 46.03| + 57/-+ 10/411] 7 22.69 |11.1 
2A EJ) D [26.8507 [11.4800 |—112] +2.6 | +1.6 | 40 42 51.08 | 6 28.10) 56| + 62 |-18| 8 22.99 | 10.3 
| |22.2820 18.2153 |+ 9) + 8] + .6 | 40 34 39.62/41 42.78/ + 15/+ 20/4 4] 8 22.87 
8} 28.2880 |18.9393 [4.140] +1.9| + .5 | 40 42 25.83)—6 2.91 | — — 
4) {19.1947 lee.7853 [31 a ig va 40 87 54.03 | 1 80.80 | — 13 t 5 319 98 19 6.9 
5} 17.4353 [25.6563 |1112)-+ 9) + .6 | 40 32 54.98/43 28.01/+ 30/4 22/4 7] 7 23.65 
6) [28.8070 |16.6973 0} -+ .8) + .8| 40 38 35.62)+2 4701/4 24/4 15|/4+.5| 6 23.18 
-9093 /12.6203 /+.108] +3.8 | +-8.0 | 40 43 14.54)—6 51.86 | — 60| +1.00 |—12| 7 28.08 


= 


* Very unsteady. 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 93 


Levels. Corrections. 
1894. | Star. | P Micrometer. OF are cee sd 4-0!) Latitude, Ther- 
A B Micrometer. fo 1 r |Mer mom, 
Feb. On 2) (or Sl Si fo) 
24/1 8| (22.1140 |15.8947 |— 54) — 5 | + .1 | 40 83 45.28| +2 37.01| + 23|/— 6/+ 5| 6 |40 86 22.57 | 9.0 
9} {20.1203 {14.6297 |—127| — .2| — .8 | 40 88 41.87) 218.41|— 20)— 7|—4|7 22.72 | 9.0 
10 9.7563 41/31.0520%|4 3] 11.4 5 | 40 27 23.12} +858.10;-+ 79) + 29|+20] 9 22.59 | 8.6 
II 1| R [22.1157 |15.6620 |— 63} 12.0) +2.6| 4039 5.52|—242.91|/— 24/4 65| 5| 6 23.03 | 5.7 
Q| 17.8870 [22.5548 |— 1) + 6|+ .4|40 38 32.91|—2 10.56; — 19|+ 13/— 3| 6 22.32 
3) |18.6813 [21.1650 |— 2) +1.1) + .6 | 40 35 19.85/41 2.75/+ 9/+ 25|+ 2] 6 23.02 | 4.8 
4| |19.6900 |21.7287 |+ 12 .0 | —1.0 | 40 87 14.86] —- 51.54;— 8|— 18|— 2|7 23.16 
5| {19.8770 |19.5920 |— 2) 41.4] + .2|40 36 29.51;— 7.20 1 25 0| 9 22.64. 
6 10.1007 #/32.8920'"| 87; — .8| +:.5|4046 0.45|—935.97|— 84|/— 6)\—17| 6- 23.47 
7 126.6740 15.0877 |+ 90} + .2|-+ .2|40 41 16.68 |—452.99|— 43/+ 5/| 8/6 23.29 | 5.6 
8| 32.1777 |11.2163 |4 14) + .2| 48.4 | 40 27 32.61] +8 49.68 Wy 14. 4711718 23.78 
Feb.| 10)  (27.9983'"/11.8680%/1 9) —3.4 | —2.8 | 40 29 35.81] +6 47.58 | + 59|— 84/411] 7 23.32 | 5.6 
26 |IL 1] D /16.1750 |22.5933 |— 35] — .1| + .8 | 4089 5.67/—242.09;/— 24/+ 9| 5| 6 23.44 | 18.5 
Q| 22.2787 |17.1343 |— 13] +2.4| + .9 | 40 88 83.04;—2 9.83|— 19]-+ 50 |— 3| 6 93.55 
3} [21.2810 |18.7693 |1 4) —1.1 | —1.3 |40 35 19.95/41 8.47;/+ 9|— 84/4 2] 6 23.25 |19.8 
A| 20.4710 |18.4177 |— 10] —2.7 | —2.3 | 40 37 14.95|— 51.86/— 8|— %3|— 2/7 23.33 119.3 
5 19.1880 [19.4003 _ 0| —1.9 | —2.3 | 40.36.29.56/— 5.36 1 60 |— 0| 9 23.68 
6| (82.4810) 9.6937 4/1 27/4. 1] — .8|/4046 0.52|—9 35.85|— 88/— 9|-17| 6 23.59 |18.1 
7 |18.1853 |24.7290 |—106] — .5 0 | 40 41 16.72 | 4 52.68|— 48;/— 8|— 8/6 23.51 117.8 
8 9.4977 1/80.4437'" 0| + .1| — .2 | 40 27 82.63 | +8 49.26 81 1141718 22.94 
Feb.| 10) |12.94'70#/29.0973%|— 34) —9.7 | —3.9 | 40 29 35.81 | +6 47.99 63 93 |-+11| 7 23.68 | 17.4 
27 |I 1|R/ 9.9840 (25.3170 |—313] +1.3| + .1 | 40 42 51.07] —6 26.64|— 56/-+ 22 |—13)| 8 24.04 |35.0 
9| 19.5523 |23.6423 |+ 57) —1.8 | —2.0 | 40 34 39.64| +1 48.61|-+ 15)/— 54/4 4/8 22.98 
8| 12.4127 (26.7287 |— 55) —1.9 | — .2 | 40 42 25.88;—6 1.59|— 53|— 33 |—10| 6 23.39 
4) (22.0983 |18.5280 |4+ 9] + .9|— .1 | 40 87 5409 |—1 30.24|— 18|+ 13 ;+~— 3| 7 23.89 |34.4 
5| [25.1000 |16.8727 |+ 71) — .2 | 41.8 | 40 32 55.07 | +8 28.06) + 30/4 13\+ 7| 7 23.70 
6} 15.7503 |22.8553 |— 54] +2.1 | +2.8 | 40 38 35.74/12 46.76| + 24/+ 63 /|+ 5| 6 23.48 | 34.2 
{|  |12.9638 |29.1693 |4-152| —1.8 | — .9 | 40 43 14.66|—6 49.87|— 60|— 32|12| 7 23.82 | 34.2 
8} 16.8280 |23.0747 |— 4| + .8| + .4|40 33 45.45 | +2 37.83 | + 23 18 | 5| 6 23.43 | 33.3* 
9} 17/2663 122.7080 |+ 2) —2.5 |—'.7 | 40°88 41.55 | —2 17.50 |— 20)|— 49 | 4| 7 23.39 
Mar.| 10) (30.9857'"| 9.62734)4 3) —1.9 | —1.7 | 40 27 23.30] +8 59.68) + 83|)— 53 |+20/ 9 23.57 | 32.4 
3 If 1] D |26.1917 |10.8687 |—196| —1.7 | — .7 | 40 42 51.23 | —6 26.68 | — 56)— 36 |—13| 8 23.58 | 41.8 
9| |22.5628 (18.4893 |+ 18] — .9|/+ .7 | 40 34 39.83| +1 42.96) + 15|/—- 5|4 4) 8 23.01 
8|. |27.3787 |18.0920 |4+ 30] —1.0 | —1.9 | 40 42 26.11;—6 1.07|— 53/— 40 |—10| 6 24.07 
4 17.9673 [21.5817 |\— '7| —1.7 | —2.0 | 40 $7 54.84] —1 30.05: |— 13)/— 53/- 3| 7 23.67 | 42.2 
B| (16.2298 |24.4457 |— 26] + .2|— .4 | 40 32 55.34 | +3 27.54 SO poe OS 77 23.30 
6| |23.5043 |16.8787 |4+ 12] —1.6|— .7 | 40 83 86.05 | +2 47.44|-+ 24/— 35|+ 5] 6 23.49 | 41.2 
7  |28.2867 {12.0503 |+ 25] —1.6 | —1.2 | 40 48 14.97 | —6 50.32 60 Si 13" 23.59 
8| (23.3837 |17.0947 |+ 12) —2.2 | —1.2 | 40 38.45.82 | +2 37.67 23 50 |-+ 5| 6 23.33 
9} (22.8400 |17.8580 |4+ 4|— ,0|— .5 | 40 88 41.93) 2 18.53;— 20;/— 6}|— 4/7 23.17 | 40.6 
10 9.3023 4/80.6167"|— 1] —1.1 | —1.6 | 40 27 28.65 | +8 58.56) + 83|}— 388|+20| 9 22.95 | 40.4 
IL 1] R |28.4853 {17.1203 |+ 18] —2.7 | —2.7| 40 39 5.90|—2 40.87|— 24)— %7|— 5| 6 24.03 |33.0 
9| 17.3407 (22.4860 |— 5] —1.0| —2.1 | 40 38 33.26|—2 8.73|— 19)— 43|— 3] 6 23.94 | 31.8 
8| {18.4700 |20.9877 |— 7] —1.9 | —1.6 | 40 35 20.09; +1 2.84/-+ 9]/+ 51/+ 2/6 23.11 
4| (20.7110 [22.7747 |4+- 31] —1.1 | —1.6 | 40 37 15.03/— 52.22;— 8|— 38|— 2|7 22.40 
5| (20.6940 |20.4500 |4+ 1/ —2.0 | —1.8 | 40 36 29.59; 6.17;— 1/— 55) 0) 9 22.95 
"| 124.4587 |12.8843 |—133) — .3 | — .8 | 40 41 16.67 |—452.12|— 43;— 15 /|— 8| 6 23.95 | 31.4 
8| |31.2870'”/10.2683 #}4 6) + .1| + .2/ 40 27 32.54) +8 49.84) + 81/+ 4/417] 8 23.48 
Mar.| 10) (|27.6473%/11.5350 #/4 14) —2.2 | —2.1 | 40 29 35.66 | +6 47.16 | + 683}— 62|+11| 7 23.01 | 31.5 
4\I 1] R [13.1780 |28.4967 |4113| + .2| — .5 | 40 42 51.28 | —6 27.48|— 56/— 3/13] 8 23.16 | 42.6 
2| 18.0963 |22.1630 |4+ 5| —1.2| — .9 | 40 84 39.90/41 42.77/+ 15}— 82/\+ 4] 8 22.62 
3| 12.1870 {26.5873 |— 79] +1.2) + .3 | 40 42 26.19|—6 2.40;— 53) + 22 )/—10) 6 23.44 
A| (21.4913 17.8877 |— 9| 41.1] — .1 | 40 87 54.42 | —1 31.08 | — 13}+ 16|— 3) 7 23:46 | 43.1 
5| |24.'7823 [16.5930 |+- 48 .O| + .9 | 40 32 55.48| +8 27.05 /+ 30/+ 11|4 7| 7 23.03 | 42.8 
6| |16.3543 |22.9547 |— 21] +2.3 | +2.0 | 40 38 36.15 | +2 46.72] 4 24|)-+ 62/4 5/ 6 23.84. 


* 20s, late. Turned in azimuth ; reduction to meridian —’’,37. 


94 THE SAYRE OBSERVATORY. 


Levels. Corrections. Ther 
189). | Star. | P Micrometer. C - Pie 3(0 -- 0’) Pras 4 . eles Latitude. pape 
Mar. ye Sy OW 
41 7 (14.1493 90.8717 |--319| —9.7| + .4| 40 43 15.08|—6 50.88 | — 60|— 38 |-12| 7 |40 86 23.17 
g| (177000 |23.9150 |-- 43} -+ .4| + .8| 40 88 45.94) +2 37.15|4 23/+ 17|+ 5| 6 23.60 | 42.4 
9| {16.3290 [21.8087 |— 45) — .5 | — .1 | 40 88 42.05) 2 18.35 |— 20|— 10| 4|7 _ 28.48 
IL 1] D 117.2530 |23.6493 | 26) 1.8 | —1.8|4039 5.96/—241.68|— 24|— 52| 5] 6 23.58 | 35.2 
9! lae.1860 |tv.0473 | 17] 1.4 | —1.8 | 40 38 88.82/—2 9.80]— 19|— 39| 3] 6 22.97 
3| |39.0443 119.5437 |-+ 16) — .9| — .8-40 85 20.14/41 3.22/4+ 9/— 95/4 9) 6 23.28 
4| 95-5347 123.4763 |+ 81|— .4| + .7|4037 15.06/— 52.22; 8/4 3/2/17 22.83 
5 19.6663 |19.9250 |I— 1) + 6] — .2 40°36.29-61))—=) (6.047) aL + 5 0| 9 23.20 
6| 132.0417") 9.2807 #4 15} +1.0] +1.2|4046 0.57) —9 36.42 |— 88)-+ 31 |—17| 6 23.47 
u 14.4090 |26.0093 |-- 17) —1.3 | —1.2 | 40 41 16.68 | —4 53.15 | — 43|— 36 |— 8) 6 22.72 
8 10.3220 #/31,3090%7|-- 5] — .6| — .1 | 40 27 32.538) +8 50.30] + 81|/— 11/417) 8 23.78 | 34.4 
Mar.| 10 13.4640 #/29.6180™\— 51) —3.1 | —4.2 | 40 29 35.64 / +-6 48.04) + 63 | —1.03 |+11]| 7 23.46 | 34.8 
” |I 1] D [27.2583 |11.9153 |— 55) + .8 | —1.2 | 40 42 51.40 | —6 27.54 | — 56|— 10 /|—18| 8 23.15 | 48.7 
2 22.8897 |18.7977 |+ 30} —1.1 | —3.1 | 40 34 40.05 | +1 43.47} 4+ 15|— 57/4 4/8 23.22 
3 27.7603 |18.4370 |+ 75 .0 | — .3 | 40 42 26.35) —6 2.10)}— 53; — 42i=1076 23.64 
4 17.7070 |21.2863 |— 16 .0 | 1.4 | 40 37 04:62) —=<1°80/40) | == a3) a Sa aa 23.95 | 48.0 
5 15.6190 |23.8547 |— 20] — .6| — .3 | 40 382 55.66 | +3 28.05 | + 30|— 18|4 7| 7 24.02 
6| (23.3730 |16.7770 |+ 4) + .8|+ .3| 4088 86.41/42 46.68/41 24/4 17\1 5] 6 23.61 
7 285187 112.2763 |-- 56) —1.7 | — .9 | 40 48 15.36 | —6 50 55 | — 60|— 88 |—12| 7 23.78 
8 23.3743 117.1300 |-- 14) —2.5 | —1.8 | 40 33 46.27) +2 37.81) + 23) — 638 |/+ 5| 6 23.79 | 47.2 
9) 22.9567 |17.4810 |+ 10) —2.1 | —2.3 | 40 38 42.40 | —2 18.38 |— 20|— 63|— 4] 7 23,22 
Mar.| 10 9.6600 #/30.9450%)4- 3) + .8|-+ .2| 40 27 24.12 | 48 57.83|}+ 83)+ 7/420) 9 23.14 | 46.4 
8 |I 1! R /13.3980 |28.7070 |-+-140) —1.6 | —1.8 | 40 42 51.40 | —6 27.18 | — 56|/— 48/|—13] 8 23.18 | 44.1 
2 19.2647 |23.3577 |+ 47] —2.7 | —2.5 | 40 34 40.06 | +1 43.54) 4+ 15]/— 75 |+ 4/8 23.12 | 43.4 
B 12.0620 |26.3947 |— 96) — .3 | —1.2.| 40 42 26.388;—6 1.91|— 53)— 21 |—10) 6 23.69 
5 24.3350 |16.1427 |+ 18) + .2|/-+ .5 | 40 32 55.70 | +3 27.05/ + 30/4 10\/+ 7| 7 23.29 | 43.0 
6 17.0317 |23.6003 | 20) — .1| + .5 | 40 34 36.47 | +2 46.02; + 24/4 5 |+ 5| 6 22.89 
8 19.9047 |26.0780 |+-171) — .2 .0 | 40 33 46.34 | 12 36.39) + 283)/— 3|+ 5| 6 23.04 |41.7 
10 131.1900%") 9.9017 /+ 5) —1.0|)-+ .1 | 40 27 24.20) +8 57.92} 4+ 83) — 14 |+20| 9 23.10 
Th 1) RB, 123.1260. 116.6830. j= 5) — 18) == 499) 40 SO Geert oe we 23.18 | 36.7 
2 18.3410 |23.4847 |-+- 41) —1.9 | —2.1 | 40 38 33.78 | —2 10.07 | — 19|— 57 |— 3] 6 22.98 
Mar. 38 19.2300 21.7207 |+ 10) — .2| — .6/ 40 85 20.54; +41 2:96/+ 9|— 10/4 2/6 23.57 | 36.6 
12 |I 1) D |27.38263 |11.9827 |— 45) + .4 | .0 | 40 42 51.29 | —6 27.58} — 56/4 6 |—13/ 8 23.16 | 46.4 
2 22.1663 |18.0783 |+ 2) — .6 | —2.2 | 40 34 40.00} +1 43.80/ + 15|— 88\|+ 4] 8 23.19 | . 
3 27.5810 |13.2363 |+ 53) +1.6 | +-1.0 | 40 42 26.84/—_6 2.59)|— 53/4 39 |—10| 6 23.57 
4 16.8717 (20.4793 |— 41) + .5 | — .4| 40 37 54.65 | —1 31.05 |— 18|)-+ 3/|— 3/7 23.54 | 45.1 
5 15.5393 [28.7237 |— 25) 11.5 | + .5 | 40 82 55.73) +3 26.74) + 30)+ 31/4 7| 7 23.22 | 44.4 
6 23.3553 16.7413 |+ 3) —1.5) — .9 | 40 33 36.53} +2 47.138|/+4 24|— 35 )|+ 5] 6 23.66 
a 28.6633. |12.8950 |-+ 75 6 .8 | 40 43 15.51 | —6 51.25 | — 60}— 5 |—12)| 7 23.56 | 43.8 
8} [28.2580 |1'7.0620 |+ 9]/— .6|— .4| 40 33 46.51/42 36.45| 4+ 28/— 18|+ 5/6 23.17 
9| |28.4283 [17.9027 |+ 33/4 .8| .0 | 4038 42.66/29 19.55 |— 20/4 18|— 4| 7 23.07 
Mar.| 10 9.0318 */30.8100'\— 3) + .6 | 11.6 | 40 27 24.39 | +8 57.65 | + 83|)+ 30/420) 9 23.46 | 42.6 
13 TL 6) KR) 8.8807 43171104 7) —— 8) ad 4046 gS 9 36:89 cen el alt an 23.35 
7 25.9220 |14.2980 |+ 10) + .6|-+ .7 | 40 41 17.84) —4 53.74) — 48|)— 18 |— 8) 6 22.97 
8 32.0060'")11.0540 #)/4 12) — .8 | — .8 | 40 27 33.07 | +8 49.44 | + 81)/— 15 |417) 8 23.42 | 42.2 
9 22.7080 19.1597 |+ 29) — .1 | 1.5 | 40 34 53.73 | +1 29.60) + 138]— 21 /+ 3] 6 23.34 | 41.5 
Mar.| 10 27.6543 (11.5673 |+ 14) — .7 | — .9 | 40 29 36.12 | +6 46.52 | + 63|— 22/411] 7 23.23 
14 I 1/ R }18.0573 28.3773 |+ 97; — .2 | —1.2 | 40 42 51.25 | —6 27.84) — 66|/— 18 /|—13] 8 | 23.12 | 42.7 
2 18.7307 [22.8137 |+ 26] —1.8 | —1.9 | 40 34 39.99] +1 48.23) 4 15|— 45/4 4/8 23.04 
3 12.8477 (27.1957 |4+ 8) + .8/ +4 .3| 40 42 26.84/—6 2.55|— 53 10 |\—10| 6 23.32 
4 22.6177 |19.0087 |-+ 26) +1.1 | +1.2 | 40 87 54.66 | —1 31.26 | — 13 x 33 |— 3| 7 23.64 wes 
5 24.7870 |16.6140 |+ 49] — .3 -- .7 | 40 82 55.75 | +3 26.64)/+ 30)/+ 4/4 7| 7 22.87 
6 17.1053 |23.6670 |-- 28) +1.8 | +-1.3 | 40 33 86.58 +2 45.86} + 24/+ 37/\/+ 5/6 23.16 
yi 13.2737 (29.5447 |1196] + .7 +1.5 | 40 48 15.55 | —6 51.62 | — 60)-+ 380/—12| 7 23.58 12 
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OBSERVATIONS WITH THE ZENITH TELESCOPE. 95 
Corrections. Th 
. | Star, Micrometer, eee / titi Ls 
? A B a : ) Micrometer. é l 7 seca mom. 
one! // ( / // 
Eas 17,9483 |24.1898 |+ 57) — .6 | — .2 | 40 88 46.58 | +2 36.58 23) — 12 6 40 86 23.38 ‘ 
9 17.4697 /22.9923 |+ 10) + .2/-+ .1 | 40 88 42.74 | —2 19.57 20;+ 4 a 23.04 
10 32.244717|10.9657 #) — 1/+ .6/| 40 27 24.47) +857.71;+ 83)+4+ 6 9 23.36 | 40.6 
say 16.1143 |22.5567 |— 87) —1.4 | —8.2|40 39 7.19 | —2 42.69 24|— 638 6 23 64 |31.8 
2 23.1517 17.9513 |+ + .7 | — .2 | 40 38 34.50 | —2 11.47 19;+ 8 6 22.95 
3 20.9760 |18.5267 |— —1.3 | — .2 | 40 85 21.51; 41 1.87;+ 9|— 238 6 23.32 
4 20.2793 |18.1707 | — 14) + .7 | — .2/| 40 87 15.98) 538.24/— 8|+ 8 Hag 22.79 |31.8 
5 19.7080 |20.0140 |— 1.4] +1.2 | 40 36 30.41|— - 7.73|— 1)|-+ 388 9 23.14 
6 31.2250'7| 8.3673 # 1.9 1.1|4046 1.44) —9 87.55|— 88)-+ 44 6 23.34 | 31.5 
a 14.8403 (26.4748 |+ 69) —1.0| — .9 | 40 41 17.40; 454.14 | — 43|— 27 6 22.54 
8 8.0649 #/29.0070'*|— 12 6 | +1.3 | 40 27 33.12 | +8 49.13 81 26 8 23.57 
9 {7.8033 |21.3407 |— 11} + .6|-+ .1 | 40 34 53.78 | +1 29.35 13 ial 6 23.46 
10 12.0830 +/28.1620%7| + +1.2 | — .3 | 40 29 36.17] +6 46.32 63) -+ 15 % 23.45 |31.4 
it Ss 28.0587 |13.7120 |+110 0 | — .1 | 40 42 26.39 | —6 2.78 38;/— 2 6 23.02 |51.4 
4 16.9347 |20.5867 |— 89] 11.2 | +1.8 | 40 87 54,73 | —1 32.18 3 42 ne 22.88 |50.6 
5 16.9163 |24.5183 -1.7 | +1.5 | 40 82 55.83 | +3 27.37 30 46 ee 24.10 
6 23.6873 {17.1217 |-+ + 1|/+ .1 | 4033 36.67 | +2 45.96 24 | - 3 || is 23.01 
7 28.1300 |11.8823 |— — .2| +4.1 | 40 43 15.65 | —6 51.80 60; + 50 |—12| 7 23.70 |50.4¢ 
8 23.1417 |16.9983 -1.3 1.1 | 40 33 46.71 | +2 35.24 23 35 5| 6 22.64 
9 23.1987 |17.6580 |-+ 1.2 1.3 | 40 88 42.88 | —2 20.05 20|+ 35 \|— 4! 7 23.01 
10 8.7160 *|29.9680+"|— 0 .5 | 40 27 24.59 | +8 56.97 83 7 |+20)] 9 22.75 |50.0 
eal 24,6417 |18.2297 |+ —}.0 6.0 | 40 39 7.88 | —2 42.22 24 1.57 5| 6 23.36 | 39.2 
2 17,4823 |22.5893 —1.8 1.8 | 40 88 34.70 | —2 10.31 19 52 3| 6 23.71 
3 18.8627 /21.2828 3) 6 | 40 85 21.86) +1 1.14 g 15 2/6 22.82 | 40. 
4 19.8127 |21.4197 |+ L 38} + .1 | 40 87 16.12) — 53.25 8;+ 7% ieee 22.91 
5 20.6257 (20.8453 |+ —1.7 | —1.9 | 40 36 30.52;— 1.09 1 51 0) 9 23.00 
6 7.8610 #|30.7110'7|— —1.3 | —1.6 | 40 46 1.56 | —9 37 32 92|— 41 716 22.80 
7 25.1797 |18.5477 |— — 9)— 7 | 40 41 17.51 | —4 538.75 43 | — 28 6 23.08 | 39.6 
8 29.1447") 8.2067 #j— + .3 0 | 40 27 88.19 | +8 49.03 85 | 4 5 8 23.37 
9 23.5340 (19.9957 |-+- — .5| - .3 | 40 34 58.86 | +-1 29.54 18;— 4 6 23.58 
10 28.8920'7| 12.8117 4] — — .6 | —1.9 | 40 29 36.24 | +6 46.23 67 | — 33 7 23.00 | 38.9 
iets} 12.8450 |27.18387 |+ — .7| + .1 | 40 42 26.44|—6 2.33 538;— .9 6 28.45 |52.7 
4 22.3157 |18.7087 |+ —1.2 | — .2 | 40 37 54.78 | —1 31.18 13 |— 2l a 23.30 
5 23.0040 |14.7873 |— —1.7 | — .2 | 40 32 55.89 | +8 27.42 30 30 " 23.45 
6 17.2258 |28.8267 |+- —2,7 | —2.0 | 40 33 36.74| +2 46.89 24|— 68 6 23.80 | 51.4 
1 12.1883 )28.4677 |-+- -- 8) — .9 | 40 43 15.72 | —6 51.46 60|— 7 7 23.54 |51.4 
8 17.0213 23.2087 |+ — .38|— .5 | 40 33 46.80 | +2 36.36 | + 23}— 12 6 23.38 
9 17.5577 |23.0807 |-+- — ,7 | —1.5 | 40 38 42.97 | —2 19.56 | — 20/— 31 re 22.93 
10 31.3827'|/10.1000 #)—+ —1.6 | — .6 | 40 27 24.79 | +8 57.79 92 33 9 23.46 |50.2 
Vee ait 17.0610 |23.5513 |-+- — .1|+ .8|40389 7.49) —2 44.04 24;+ 2 6 28.24 | 40.8 
2 22.2950 (17.1083 |— 18 .0 | —-1.2 | 40 88 34.80 | —2 11.15 19; — 15 6 23.34 
3 21.6007 19.1277 |+ —2.0 | +1.1 | 40 35 21.47/41 2.51 9)/— 46 6 23.69 |41.2d 
te 3 12.5027 |26.8743 |— 40) 41.3 | + .8 | 40 42 26.48)—6 3.03 538|/-+ 381 6 23.19 |58.3a 
4 22.9040 |19.2667 1.0 .0 | 40 37 54.83 | —1 31.99 18;-+ 16 ia 22.91 
5 23.4573 |15.2570 |— 46 A .0 | 40 82 55.95 | +8 27.09 30 0 % 23.48 |58, 
6 16.7113 |23.2780 |— 1) — .38 | +1.0 | 40 83 36.81 | +2 45.92 24;+ 8 6 23.16 : 
q 11.6183 |27.9270 |— 83] +1.7 | +1.6 | 40 43 15.80 | —6 52.00 60|- 48 7 23.63 |56.9 
8 17.3870 |23.5400 |-+ 26) 12.5 | +1.6 | 40 33 46.89 | +2 35.54 23;+ 60 6 23.37 (56.2 
9 17.7930 |23.3277 |+ 27) + .4| 141.7 | 40 388 43.06 | —2 19.92 20)-+ 28 7 23.25 
10 30.7977") 9.5630 %)/4+- 1) 41.7 | 12.1 | 40 27 24.78 | +8 56.55 92)+ 54 9 28.08 (56.6 
iil al 24.9827 |18.5033 |+ 98) —1.1 | —1.0 | 40 39 4.78 | —2 48.97 23; — i 6 23.28 | 46.9 
2 17.7423 [22.9773 |- 15) +2.2 | +2.0 | 40 38 35.08 | —2 12.31 19;-+ 60 6 23.21 
3 18.5947 [21.0897 |— 4) 11.7) + .9 | 40 35 21.72/41 1.77 8;+ 39 6 24.04 | 44.9 
4 20.8263 |18.68638° |— 5) — .8|-+ .1/|403716.42|— 654.06 8)/— 38 7 22.30 
5 19.1287 |19.4450 |— 1) +1.1]-+ .1 | 40 36 30.78|— 17.99 2)-+ 19 9 23.05 
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Levels. Corrections. Ther. 
ie t ; ! Latitude. i 
1894. | Star.| P Micrometer, CG 7 = £( 5+ d/) Sh ae 3 5 Ey 3 mom. 
Mar OO. fu Or ad, {e) 
19 |II 6| R |30.7133%"| 7.8133 i}— 18] +1.1)— .1|4046 1.85|—938.58/— 92|-+ 16 |—17)| 6 |40 36 22.40 |45.6 
ui 13.6557 |25.2887 |— 53) —1.6 | —1.4 | 40 41 18.16 | —453.80|— 41|/— 44|— 8) 6 23.49 
8 8.3613 1/29. 3097'|— 10] — .8| — .1 | 40 27 83.88] +8 49.29); + 84)— 14 |+17| 8 23.62 
Apl 10 11.3377 #/27.359387|-— 23) +1.3 .1 | 40 29 36.42) +6 44.89) + 67)/-+ 22)112| 7 [22.89]|45.4d 
6) TLD) 17-0257- 123-6460 42 Bi) — 1 Ve | 40 39 11.30 | —2 47.33 | — 23)}— 10|— 5| 6 23.65 |35.9 
Apl 2 24.4007 |19.0670 82) +-8.3| + .7 | 40 38 38.60 | —2 14.98, — 19|}+ 62 |— 3) 6 [24.08] c 
eh al 17.8743 /24.0197 | 40, —1.3 | —1.0 | 40 39 11.95 | —2 48.01 | — 23|— 34\— 5| 6 23.38 | 37. 
2) 23.6810 /18.8187 |+- 47) +1.3 | +1.5 | 40 38 39.26 | —2 15.61|— 19|+ 42|— 3) 6 23.91 
3) 21.2437 18.9810 |+ 3) —1.6) —1.4 | 40 35 24.77;4 57.18|+ 8|— 43 |+ 2) 6 [21.68]| 36.7 
4 21.2707 |18.9983 |+ 4) — .9 | —2.0 | 40 87 20,12|— 57.43|— 8)|— 40|— 2/7 22.26 
5 19.8137 |20.2530 0} — .4| — .9 | 40 86 34.28;— 11.10|;— 2/]/— 18 0; 9 23.02 
6 32.2450'"| 9.2270 4/1 19) 11.4) + .4|4046 5.65|/—9 41.66 |— 92|+ 27 |_17) 6 23.23 | 36.6 
i 14.6820 |26.5080 |+ 61] — .2| + .8 | 40 41 21.35 | 458.97; — 41/4 7|— 8) 6 22.02 
8) 8.6510 #/29.4203'j— 7] +2.2 | 12.8 | 40 27 36.60) +8 44.77; + 84/4 71 j+17| 8 23.17 
9 18.1540 21.5463 — 4 —1.6 | —2.0 | 40 3457.39 | +1 25.71; + 11|/— 51/+ 3) 6 22.79 
Apl. 10 12.7983 #28, 72877|— 27] 11.2) -- .7 | 40 29 39.75 | 16 42.45] 4- 67) 4+ 28 |--12) 7 23.34 | 36.1 
18 |II 1} R |23.8887 |17.2000 |-+ 32] +-1.0] + .8 | 40 89 12.69 | —2 49.09 | — 23 + 26 /— 5| 6 23.64 | 42.1 
2 17.8200 |23.20387 |+ 24 .0 | — .2 | 40 88 40.01 | —2 16.09 |— 19|— 2/8) 6 23.74 | 41.9 
3 20.4647 |22.6927 30) +1.8| + .6 | 40 35 26.51)-+ 66.87;+ 8/+ 28/4 2) 6 23.82 |40.2 
4 20.5203 |22.7890 |-- 32) — .6 | —1.5 | 40 37 20.80|— 57.41|/— 8/)/— 27 \|— 2/7 23.09 
5 21.2203 (20.7523 |+ 4)+ .5| — .2/40 36 34.88)— 11.84;— 2)+ 6}|— 0] 9 23.17 
6 8.8127 4/31.8287!7/-- 8] —2.0}— .9|4046 6.88|—9 41.58 |— 92)— 43 |—17) 6 28.34 
7 26.4750 (14.7010 |+ 61) —1.0 | —2.0 | 40 41 22.06 | —4 57.65 |— 41|/— 41 |— 8| 6 23.57 |40.8 
8 31.'7503'7| 10.9600 8) + | —1.3 | — .4 | 40 27 37.21| +8 45.34| + 84/— 26|+17| 8 23.38 
9 23.0857 |19.6927 |+ 41) —2.3 | —2.0 | 40 3458.07} +1 25.84) -+ 11)/— 62/4 3) 6 23.49 
Apl. 10 28.3920%"/12.4817*|— 16) — .7 .0-| 40 29 40.44 | +6 41,98 | +. 67)/— 11)|411) 7 23.16 | 40.0 
14 |IT 1] D |16.2990 [22.9970 |— 22) — .2 0 |:40'39 12'89)|——3 49519) == 03 |S) es 23.45 | 43.3 
2 22.6800 |17.2853 — 0) —1.3 | —2.0 | 40 88 40.22 | —2 16.31} — 19|— 46 /\— 3] 6 23.29 
3 20.1590 |17.9130 |— 18 —2.3 | —1.9 | 40 35 26.72) + 56.71; + 8/)/— 61\+ 2) 6 22.98 | 43.4 
4) 20.4247 |18.1323 |— 13) —1.0 |— .5 40 37 20.98|— 57.89|— 8|— 22 |— 2|% 22.84 | 42.8 
5 18.4033. 18.8663 jJ— 6|—1.4| — .9 | 40 36 35.04)— 11.68/;— 2)— 34 0| 9 23.09 | 48.4 
6 29.8033") 6.8037 #/— 44) — .2 | —2.0| 4046 6.57|—9 41.03| — 92|— 928 17] 6 24.23 
a 13.4940 |25.3260 |— 70) —1.9 | —1.0 | 40 41 22.24| —4 58.81 | — 41|— 43 |— 8| 6 22.57 | 42.9 
8 8.1900 #/28,9643'"\— 9) —1.5 | — .9 | 40 27 87.38] +8 44.89 + 84|— 385/417) 8 23.01 
9 16.9380 |20.3047 |— 41] +1.4 | +1.2 | 40 34 58.25 +1 24.96/+ 11/4 38/+ 3) 6 23.79 
Apl. 10 11.9267 427.8267") 5) — .6| + .1| 40 29 40.62 | +6 41.77 + 67|;— 8/411) 7 23.16 | 42.4 
15 {II 1] R /22.7383 |16.0067 |— 87/— .1| + .1| 40 39 13.13} —2 50.00/ — 23/— O|— 5/6 22.91 | 46.7 
2 17.4240 |22.8857 |— 5|— .2 i 9 | 40 38 40.44 | —2 16.73 | — 19|— i14/— 8] 6 23.41 |45.3 
3 18.5767 20.7847 i— 6) +1.6| + .4/ 40 85 26.93) + 55.78;);+ 8)+ 380/-+ 2] 6 23.17 
4 18.1947 20.6027 |— 12] —1.4| == (8 |.40 37/91,08))—=, 8:29) = 48 |= {Saino ry 22.43 
5 22,2370 | 21.7820 |4+ 8) —2.3 | —2.2 | 40 36 35.23|)— 11.52;— 2/— 65 /|— 0] 9 23:18 
6 9.0410 /32.0737'"| 15) — .9| — .6|4046 6.78|—9 42.02 |— 92/— 22/-17/ 6 23.51 | 45.3% 
vf 26.4163. 14.6070 + 52) — .6 | —1.7 | 40 41 22.45 | 458.52 |— 41|— 31/— 8] 6 23.19 | 45.1 
8 82.0403'"|11.2750 | 10) —2.0 | —2.0 | 40 27 37.57 +8 44,71} + 84/— 57|+17) 8 22.80 | 45.5 
9 22.0897 /19.6700 |4 17) —2.3 | —2.0 | 40 3458.44 +1 25.19|}+ i11);— 62/+ 3] 6 23.21 
Apl. 10 27,1493'"/ 11.2710 4/4. 28) 11.1 +1.0 | 40 29 40.82 6 41.28 54 30 |--11| 7 23.12 | 44.6 
16 {II 1 D |17.8667 |24.1070 + 43) +2.1 | +2.0 | 40 39 13.37 Be 50.42 ol 23 : 59 nf 5| 6 23,32 |51.3 
Apl. 3 21.0187 |18.7927 |— 38] —1.7 | —1.6'| 40 35 27.17 + 56.24;/+ 8/— 47|+ 2| 6 23.10 
22 \II 1) D /16.1918 |22.9783 |— 95 + .4|— .4|40 39 14.91 | —251.48|— 23/4 1\|— 5/6 23.27 | 48.5 
2 22.0627 |16.5613 |— 35 +1.4/-+ .6 | 40 38 42.27 | 2 18.92; — 19|/+ 30/— 3] 6 23.49 
3 21.3607 |19.2300 |+ 6] + .6 + .3 | 40 35 28.75 53.85 8 13 2/6 22.89 |48.2 
4) 121.0953 |18.7180 — 3]— .8|— .4| 40 37 22.89 a 0.06 vi 8 E: 10 ¥ 2) % 22.70 |47.8 
5 19.1037 19.6577 \— .2)-+ .2| + .1| 40 36 36.88;— 18.99|— e2);4+ 4 0| 9 23.00 
6 32.5337'7| 9.4347 1i)/1. 26 + .1|}— .1/4046 8.60) —9 43.72|— %9|— 0/—-17/ 6 23.98 
Ki 14.0163 [25.9127 |— 3) — .9| — .7| 40 41 24.94| 5 0.59 | — 41|/— 24/— 8/6 22.98 |47.8 
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OBSERVATIONS WITH THE ZENITH TELESCOPE, on 


Levels. Corrections. im 
1894. | Star. | P Micrometer. G ; ! mz 7 “| altitude. Nels 
A B meee?) Micrometer. 6 i r |Mer Tatitude, | mom. 
Apl. | =, : (oY at ee) ol, Wit) fe) 
22 |IL 8] D | 7.8958 /28.6263'\— 10; — .9 | — .8 | 40 27 39.18 | +8 43.80 . 84) — 25 |+17) 8 |40 36 23.82 
9} 17.6487 |20.93867 |— 21| — .38| —1.2 |} 4035 0.18| +1 23.03} + 11]— 20 |+ 6 23.21 
Apl. 10 12.1780 %/28.0073',—_ 4) — .8 | — .6 | 40 29 42.58 | +6 39.96 | + 67|— 20|+12) 7 23.20 | 47.4 
24 |II 1) R |22.3197 |15.4890 — 66) + .9/ + .2/ 40 39 15.34); —2 52.48 | — 23)4+ 17|/— 6 22.86 | 48.0 
2 18.6308 /24.1218 |+ 66) —1.8 | —1.7 | 40 88 42.72 | 218.91 |— 19|— 51|— 3) 6 23.14 
3 18.8923 {21.0080 j++ 1) +1.2 | +1.4 | 40 35 29.22/+ 5653.338)/+ 8|-+ 87/4 2/6 23.08 | 47.6 
4 19.5477 |21.9558 |+ 14) + .7 | +1.2 | 40 37.23.32)—1 0.87/— 8/-+ 26 |— i 22.68 
5 20.4947 |19.9217 |-+ 214+ .8/-+ .3/ 40 36 37.29|;— 1448;/— 2/+ 9|—0| 9 22.97 
6 8.9780 132.1273!" 16) — .6| + .2/4046 9.07) —9 44.97}; — 92)— 07 |—17| 6 23.00 
Te 27.7898. |15.8523 |+180) — .2| — .6 | 40 41 24.70; 5 0.81/— 41/— 11|— 8| 6 23.35 | 46.9 
8 30.9647'"}10.29383 4/4 3) —1.5 .0 | 40 27 39.64) +8 42.32/-+ 84) — 24/417) 8 22.81 
9 22/9960 on4S0) =) 88) =. 8h =e 27 4018b) OL6di 1 22.07) 4 id |} —— 4 ae 6 22.98 
Apl. 10 26.6910'7)10.8980 + 45) — .3.| — .0 | 40 29 48.05) +6 39.16) + 67|— 5/411) 7 23.01 | 47.3 
Sm ieeiweby 7 G5ae 24040490 e621 ——1., teh), 40889) 151551 || —2 61.65.) — 28; — 24 1-516 23.44 |51.4 
2 22.7720 |17.2567 |+- 1)/4+ .3 .0 | 40 38 42.98 | —2 19.36|]— 19/+ 5/|— 3/6 23.51 
3 '20.6180 |18.5010 — 8) —1.8 | —1.2 | 40 35 29.44'-+ 53.47|4 8|— 44/4 2) 6 22.63 |51.0 
4 21.3527 |18.9620 |4+ 4] —1.5 | —2.2 | 40 37 23.51|—1 0.42;— 8/— 52/|— 2/7 22.54 
5 190A OOS T a=) 2) tal == Bee OSOLS 49h ——» 15.01} —5 92 15 |\— 0/ 9 22.39 , 
6) 32.02871"| 8.8947 1/41 12) + .6|— .7|/4046 9.28; —9 4457 |— 92 0 |—17| 6 23.68 | 49.6 
7 18.8960 |25.8657 |— 12) +1.6|-+ .4/ 4041 24.93)—5 2.42)/— 41/+ 381/— 8] 6 22.39 150.1 
8 8.1167 #1/28.8087'7\— 8) + .8 | — .2 | 40 27 39.83/| +8 42.69) + 84|-+ 10/417) 8 23.71 
9 19.3397 |22.5777 |+ 27) +2.2|} +1.1)4035 0.86) +121.88;+ 11|)+ 49 3) 6 23.43 
Apl. 10 12.5787 #/28.3727!"|— 18) 11.2 | — .5 | 40 29 43.28 | +6 39.03) + 67|-+ 12)|+11)| 7 23.28 | 49.6 
96 |IL 1| R 23.1627: 16.3257 |— 16) +2.7 | +2.2 | 40 39 15.75 | —2 52.71 | — 238 1 |— 5] 6 23.53 |56.3 
2 17.0677 |22.6257 |\— 5) -+ .9| 11.9 | 40 88 43.14 | —2 20.42 |— 19|/-+ 39 |— 3) 6 22.95 
3 18.3563 |20.4947 |—-10) —1.7 | — .9 | 40 35 29.65|+- 64.01/44 8|— 87/4 2) 6 23:45 |56.2 
4 19,3673 21.7727 |+ 11) — .7| + .2 | 40 37 23.71;—1 0.81|— 8/— 8|—2)|\7 22.79 |55.9 
5 20.2477 (19.6683 0 .0 | — .1 | 40 36:37/67)— 1464)/— 2;/— 2 0) 9 23.08 
6 9.0608 #/32.2220'7 4+ 18] — .4|+ .1|4046 9:49|—9 45.29; — 92;/— 5/—17| 6 23.12 
4 26.5730 |14.6500 |+ 63) — .1| — .7 | 4041 25.18;—5 1.42|— 41)/— 11)|/— 8| 6 23.17 |55.0 
8 31.35977|10.67674/4+ 6) — 5 .0 | 40 27 40.02 | +8 42.62; + 84;/— 8/417) 8 23.65 
9 21.8613 |18.5927 |+ 6) —2.8 | —1.4| 4035 1.06/+1 22.60|+ 11)/— 63)|+ 3] 6 238.23 
Apl.| 10 28. 2007'7/42.4113 1] 12) — .5 | — .5 | 40 29 48.48; +6 38.93 | + 67|— 15/411) 7 23.11 |54.9 
30 |II 1] D |16.6610 |23.5083 |+ 5/-+ .1|— .7 | 40 89 16.68 | —2 52.90; — 23;— 7|— 5| 6 23.49 |55.6 
2 21.4757 |15.9183 |— 64) —1.1 | — .2 | 40 38 44.00 | —2 20.89 | — 19|-+ 20 |— 3) 6 23.65 
3 20.3073 |18.2343 |— 13) —1.4 | —1.0 | 40 85 30.61; -+ 52.35;+ 8|— 36/+ 2) 6 22.76 |55.4 
4 19.2743 |16.8100 |— 42) + 5 | — .2| 40 387 24.60;—1 2.16;— 8/+ 5/—2)\7 22.46 
5 20.4890 |21.0930 |+ 3] —2.0|— .4 | 4036 38.52;— 15.27;— 2/— 37 0| 9 22.95 |55.4 
6 82.2800'%| 9.1050%/+- 19) + .8| — .6 | 40 46 10.45 | —9 45.62 |— 96)-+ 5/|—17| 6 23.81 |55.2 
ti 15.3400 |2'7.8027 |+137) —1.8| — .0 | 4041 26.08; —5 2.61)— 41)/— 20|— 9) 6 22.83 |54.4 
8 10.5163 41/31.1687'7|+ 4) —2.2 | —0.6 | 40 27 40.87 | +8 41.85|-+ 88|— 43)+-17/ 8 23.42 
) 19.3413 |22.5773 |+- 27/ — .8|—1.7/4085 1.98) +1 21.83}+ 11)— 33/+ 3] 6 23.68 
May); 10 13.4317 41/29.1860i"|\— 40 .0O| — .6 | 40 29 45.42) +6 37.97) + W1)— 7|412) 7 [24.22]|54.8* 
8 [IL 1| R |23.3170 |16.3957 |— 9] — .6| — .3 | 40 89 18.67 | —2 54.86 |— 22}/— 14|— 5| 6 23.46 | 63.6 
2 17.1610 [22.8828 — 0|+ .4/-+ .5 | 40 88 46.13 | —2 23.30|— 18|-+ 13 |— 4| 6 22.80 
3 18.2903 |20.2837 |— 12/ — .2/— .7 | 40 35 82.70; + 50.384)/+ 6|/— 12/4 2) 6 23.06 | 62.3 
4 19.5590 |22.0697 |+ 17| —1.9 | —1.0 | 40 87 26.58|—1 3.48|— 8|— 44; 2)7 22.63 
5 22.6500 |21.9620 |+ 15] — .7| — .%| 4036 40.45|— 17.42;/— 3/— 22/1] 9 22.86 | 60.6 
6 8.4567 4/31.7188'%|1-> 3] — .8 | —1.5 | 40 46 12.61 | —9 47.77; — 91}— 24/17] 6 23.58 
7 26.8697 |14.8150 |+ 88] —1.3 | —1.7 | 40 41 28.27; 5. 4.82) — 88)— 42/— 9| 6 22.62 | 
8 30.94'70'7|10.8828 4/4 2] —1.5 | — .6| 40 27 42.89| +8 39.63 | +4 81) — 31|+17 8 23.27 |59.2 
9 22.4277 |19.2827 |+ 23) —1.2|—1.8|40385 4.16/+119.52/+ 9|— 41/4 3] 6 23.45 |59.6 
10 27.4007'*|11.7837 4/1 17] —2.1 | —2.0 | 40 29 46.66 | +6 35.91) -+ 66) — 57 |+12/ 7 22.85 |59.3 
TIT 1] R |30.1853 |14.5117 |4+319| + .8) +1.1)4043 0.89) —6 36.84 |— 49} -+ 19 14 |10 23.21 |59.4 
2 9.53800 #/38.7297'"|4 59| — .6| — .5 | 40 46 36.22 | -10 11.62 | — 93 | — 16 |—23 |11 23.39 


* Mistake in micrometer reading. 


THE SAYRE OBSERVATORY. 


| Levels. Corrections. - Ther 
he | icrometer, | / titude, 
189, | Star. | P Micrometer, Cc ei > 4(0+ 0’) ie ape. 5 ; Pie Latit mom 
May ab Orie N00 fe) 
III 3) RB | 7.42404132.8270'\4+- 5) +3.4 | +1.6 | 40 25 39.75 |--10 41.89| + 96 | + %4|+18) 6 |40 36 23.58 
4 8,226051133,4407'"|-- 39] — .8| — .8 | 40 25 45.23 |-+10 37.21) 4+ 95|— 15 |=-19| 6 23.49 
5 96.9493 [15.1167 |+107] + .8| + .2|40 81 22.94 /4- 459.25) + 37) + 7 |+10) 7 22.80 |59.8 
6) 19.0100 |22.3030 |-- 20) —2.3 | — .9 | 40 87 46.62 |— 1 23.26, — 11|= 48|— 3) 6 22.80 
4 21.0007 |19.7547 |-+ 3) + .2|—1.1|403654.43|— 31.49;,— 4) — 11 |— 1. 6 22.84 |59.7 
8 17.2300 |24.2283 |-+ 45| + .6 | —1.1 | 40 33 26.19|+ 2 56.94 + 21;— 4/4 5] 6 23.41 
May 9] 14.0110 27.4010 |+ 83) —2.4 |— .5 | 40 42 2.44 |\— § 38.54/ — 43)— 45 |—10| 6 22.98 | 60.0 
- 9 |IZ 1| D/|16.0677 |28.0190 |— 28) —1.1 |— .8 | 40 39 18.86 |— 255.57; — 22|— 27 |— 5| 64 22.81 | 61.1 
2 21.8637 [16.2227 |— 48 — .6 | —1.4 | 40 38 46.33 |— 2 22.41, — 18|— 27 |\— 4) 6 23,49 
8 21.8430 |19.3777 |+ ® —1.0 | — .3| 40 35 82.91 |+ 49.67) + 6)— 20/4 2) 6 22.52 60.3 
4 21.2407 |18.6897 ce 1]— .7| + .4|40 37 26.77/— 1 4.46,— 8/— 6)/—2)% 22.22 
5) 19.0277 |19.7443 — 3) — .8|— .1|403640.64;— 18.10;— 3)/— %\— 1) 9 23.52 
6 31.0970) 7.76875 — 17) + .1|-+ .7 | 40 46 12.83|— 9 49.41); — 91|/+ 10\—17) 6 22.50 | 60.3 
% 12.8997 |24.9987 —111 .0| + .9 | 40 41 28.49 |— 5 5.43)— 388/-+ 12|— 9] 6 22.77 
8 8.5193 129.0700 — 6) + .1|)— .2 40 27 43.10 |+ 8 39.25) + 81);— 1/417) 8 23.40 
9 16.9948 /20.1293 — 39 — .2|—1.9 | 40 35 4.38 |+ 1 19.12. + 9|— 27/4 3] 6 23.41 |58.8a 
10 111.9263 1/27.6190'"|+- 10) —4.3 | —4.8 | 40 29 46.89 |4+- 6 36.54) + 66 | —1.29 |+12) 7 22.99 (58.8 
III 2) D 31.8513" 7.6093 %/— 11] +1.8 | + .2 | 40 46 36.42 |—10 12.51) — 98|)-+ 31 |—23)11 23.17 |55.8 
8) = |84.0887'*| 8.68474|+ 64) —1.3 | — .2 | 40 25 39.98 |4-10 41.93) + 96 | — 23 /+18)| 6 22.88 |. 
4 32.3840") 7.46731! — | — .9 | —1.2 | 40 25 45.45 |+-10 37.14 + 95)— 30/419) 6 23.49 
5 12.4697 /24.3417 —165, — 8 | —2.6 | 40 31 23.15 |+ 459.56) -+ 87,— 38/410) 7 22.87 |55.2 
6 21.7573 18.4613 | 3) —1.0 —2.9 | 40 37 46.83 |— 1 23.29'— 11|)— 52/— 3) 6 22.94 |54.4 
q 18.8593 |20.10538 |— 6) —1.6 | — .2/40365464|— 31.47/— 4|— 27 \/— 1) 6 22.91 54.4 
8 23.9620 |16.9920 — 30|— .0| + .2 4033 26.40 /4 2 56.19 + 21);+ 2/+ 5) 6 22.93 
9 25.8147 |12.4163 ——104) —1.0 | —2.1 4042 2.64/— 5 38.28) — 43|— 42 |—10 6 23.47 52.8 
Tay 
1U |II 1/ R |23.6210 |16.6440 |+ 8) —1:4| —1.2 | 40 39 19 05 |—- 256.31) — 22 bale ae I— 5| 6 22.90 |55.2 
2| 17.3460 |23.0210 (+ 8) — .1| + .1 | 40 38 46.53 |— 2 23.41/ — 18 | 0— 416 22.96 
8 18.9637 (20.9280 |— 1)/+ .7| + .2 | 40 35 33.12 |+- 49.63, + 6/+ 13)|-+ 2) 6 23.02 
4 20.3460 (22.8757 |+- 35) — .9|— .2| 40 37 26.97/— 1 4.01)— 8|— 14|;— 2|% 22.79 
5 20.8237 |20.0850 |+ 3) +1.6 .0 40 386 40.82 ,— 18.67 — 38)/+ 2 i—1) 9 22.45 
7 25.4527 |18.85138 — 73) +2.9 | 41.6 | 40 41 28.72 |— 5 5.59) -——- 38|)-+ 66 |— 9] 6 23.38 | 55.3 
8 31.1447'"/10.56774/4 4) —1.7 | — .6 | 40 27 43.30 /+ 8 39.94) 81)— 34|+17) 8 23.96 |54.4 
9 22.1440 |19.0487 |+ 16)— .4| + .6|40385 461/4 118.25)4 9)/+ 1/4 3/6 23.05 a 
10 28.0230'"/12.40634/— 9) + .8| + .3 | 40 29 47.12 |+ 634.57) + 66)/— 8 |+12) 7 22.46 (55.0 
III 1) R |27.7770 |12.0727 |— 8) —2.4 .0 4048 0.79 |— 636.79 — 49 — 88 —14/10 23.09 |50.8 
2 8.8860" 33.0887" + 87 —1.9 —1.5 | 40 46 36.61 —10 11.64; — 93) — 49 |—23 11 23.43 |52.1d 
May 3 8.3597 #)/33. 7587") 4+- 51) +1.2 | — .3 | 40 26 40.20 |4-10 41.90, + 96|-+ 15 |-+-18) 6 23.45 d 
12 [II 1/D |16.2333 |28.2220 |— 16|+ .5|+ .2| 40 3919.46 |— 256.55) 22/4 10|— 5| 6 22.80 | 60.9 
2 23.0143 {17.3070 |— 7+ .9/| +2.1 | 40 38 46.97 |— 2 2419|— 18/+ 41|— 4/6 23.03 
3 20.8680 (18.4444 |— 9 +1.4 |) +1.7 | 40 85 83.57 |+ 48.58) 4+ 6/+ 44/4 2) 6 22.78 
4 21.5167 /18.9480 |+ 6)/— 4 .0 | 40 87 27.88 |— 1 5.05)— 8|/— Tl 2/7 22.23 | 60.9 
5 19.3997 (20.1883 — 1 + .1)— .1/403641.23|;— 1866/— 38/— O|-1|9 22.62 
6 31.5863") 8.2363%— 3) — .4 | —1.0 | 40 46 13.50 |— 9 48.73] — 91/— 19 |-17| 6 23.56 
7 14.3627 (26.4617 |+- 39) — .2) + .5 | 40 41 29.18|— 5 5.81;— 38;+ 4| 9) 6 23.00. 
8 8.2097 4 /28.7350'"\— 7 + .2) —1.0 | 40 27 48.29 |+ 838.61) + 81|)-+ 16/417) 8 23.12 
9 17.2607 20.8470. i— 82 — .2)— .8/ 4035 5.07|/4+. 117.90;+ 9)/— T\+ 3] 6 23.08 
10 11.6847 41 27.2763" + 20) +1.0| + .3 | 40 29 47.60 |+ 6 34.01; 4+ 66|+ 20/412] 7 22.66 |58.6 
III 1) D /11.5583. 27.2940 |— 80 — .8)| — .6 | 4048 1.18 |—*6 87.40,— 49|— 20 |—14 10 23.05 |55.0 
2 29.5320" 5.2850" —100| — .6 | — .2 | 40 46 36,98 10 12.42, — 93) — 11 —23/11 23.40 |56.9 
38 32.4390") 7.0373 #/— 11} —8.1 | —2.3 | 40 25 40.58 |+-10 41.81) + 96|/— 78 |+18| 6 22.81 
4 31.6543%") 6.4683!— 42) —1.9 | — .8 | 40 25 46.08 | +10 36.28) 95|— 40|+19) 6 23.16 ‘ 
5 12.6827 |24.52138 |—143) — .8 | — .0| 40 81 23.73|+ 458.77 i: 387|— 12\/+10| 7 22.92 |56.4 
6 22.1813 |18.8423 |+ 15] +1.6| + .2| 40 87 47.48 |— 124.41) 11/+ 28/— 3/6 23.22 
a 19.6490 20.9423 |+ 3)/— | + .1| 40 3655.22|\—  32.69,— 4/— 7|—1/6 22.47 
8 23.9517 |17.0007 |+ 30) — .9 | — .8 | 40 33 26.97 |+ 255.71 + 21)/— 24/-+ 5) 6. 22.76 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels. | Corrections. 
1894, | Star. | P Micrometer. A a, 4(0 + d/) ) Latitude. 
‘. A B Micrometer. fo) 1 r |Mer 
May Oh Th. || = oR ae 
12 {III 9} D /25.6963 |12.2587 |—120) +1.1| + .2 | 4042 3.18 |— 5 39.23) — 43|+ 20/—410)| 6 |40 36 23.68 
13 {II 1} R |22.0733 |15.0517 — 88) +1.4 | +2.5 | 40 39 19.71 — 257.20); 22|/+ 54/— 5) 6 22.84 | 
2 16.2707 (21.9787 |— 45) + .8 | +2.6 | 40 38 47.21 — 224.11;— 18|+ 46 |— 4| 6| 23.40 
3 19.9447 (21.8603 |+ 15) +2.7 | +1.6 | 40 35 33.81,+ 48.44| + 6 | 63 | 2) 6 238.02 | 
4 19.9503 {22.5798 |+ 30) + .8 | +2.0 | 40 87 27.61 — 1 6.50) 8 37 CaN ah [21.45]| 
May 5 21-7293 120.9953 i-= 9) — .6)— 5/4036 41.45|— 18.57/— 38)/— 16|—1]/ 9 | 22.77 
26 II 1] R /28.0963 |16.0077 |— 28) — .7 | — .6 | 40 39 22.64 |— 2 59.04 22 18 | 5| 6 | 23.18 
2 17.0517 |22.8563 |+ 2] — .8 | —1.1 | 40 38°60.23 |\— 2 26.67; — 18|’— 26/— 4) 6 23.14 
8| |19.8878 (21.1483 |4 3/+ .4|— .2|403536.97/+ 45.64/+ 6/+ 4/4 2/6 22.79 
4 19.7098 (22.3930 |-- 25] — .2| — .2 | 40 37 30.59 —_ 1 7.87;— 8/|/—- 5 |— 2) % 22.64 
5 19.4557 18.6127 |— 7 — 1|— .8 | 40 3644.39 — 21.28,— 3)/— 6/1) 9) 23.10 
6 8.7630 #/32.2570'" + 16) +2.9 | +3.1 | 40 46 17.10 — 953.68 — 91|+ 85 —17| 6 23.25 
a 26.8707 |14.62538 |-- 79} — .1| — .8 | 40 41 82.87/— 5 9.61;— 388 6 — 9| 6 22.79 
8 29.9290%"| 9.5380!/+ §2) — .7 | — :3 | 40.27 47.12 /+ 8 35.24) + 81 | 15 |+17) 8 23.27 
| 9 22.4120) 119.4548, \-— 24) 9:9) — 5 | 40 85° 8.791 114.79) + 9)}— 41 I--.3) 6 | 23.35. |é 
10 28.5067*"/13.0313 #/— 30) —1.1 | —2.5 | 40 29 51.45 |+- 6 30.95) + 66|— 49 |+12| 7 22.76 
ITIT 1) R |30.0883 |14.19388 |+-292! — .8| — .3| 4043 4.68 |— 6 41.10 49 | 9 —14 10 22.96 |§ 
2 9.2137 #/33.5783'")/. 54; — .8 | — .87 4046 40.36 —10 15.77, — 93) — 15 |—23/11 | 23.39 | 
3 8.9077 134.0973!" 69] +2.'7| 41.8 | 40 25 44.48/410 36.66) + 96/-+ 65 |+18| 6 | 22.99 
4 8.3470 1/33.8603'"|4+ 37| — .4 | +1.2 | 40 25 49.85 |+10 82.12)-++ 95/+ 9/+19/ 6 23.26 
5 23.9537 {12.2640 |—193) — .4| — .1/ 40 81 27.26|+ 454.88) + 387/— 8/+10| 7 22.60 
6 16.6870 (20.1787 |— 48) —1.0 | — .6 | 40 37 51.06 |— 1 28.11 11 23 — 3| 6 22.64 
"| (21.0780 |19.6887 |+ 4|/+1.2|+ .8|403658.77/— 36.88, — 4/+ 23/1] 6] 22.63 
8|° |1'7.1490- |23.9280: |-- 32/ + .2| + .8| 40 33 30.49/+ 251.24; 4+ 21/4 T7il+516 29.12 
x 9 18.5987 |27.1550 |-+ -44) —1.4 | — .4/ 4042 6.57 |— 5 42.65) — 48|— 27 |—-10| 6 23.18 
a | 
oF II 1| D /16.9687 |28.9600 |---29| — .6 | — .4 | 40 39 22.84 — 259.38 22 | 15 5| 6 23.10 
2 21.9660 |16.1270 |— 49) + .8| + .2 | 40 38 50.47 (— 227.41;— 18/+ 7/4] 6 22.97 
3 21.6173 |19.8260 — 11)/+ .8| + .4| 40 35 87.22 /+ 45.29) 4 6|/+ 17 \/+ 2) 6 22.82 
4 20.7663 118.0570 “|— 13] — .2.) — .4 |} 40 37 30:82 1 8.42;—. 8;/— 8 |— 2) 7 | 22.29 | 
5 18.7890 |19.6518 |— .6|—1.0 | —1.5 | 403644.61|— 21.77/;— 8/— 85/— 1/9 22.54 
6 31.7940| 8.8233 %/+ 1) .1|— .2| AQ 46 17.35 |\— 9 53.05} — 91/— 1 /—17] 6 2321. 
9 17.5290 |20.4600 |— 24; + .8|-+ .4/4035 9.05/+ 114.00; + 9|+ 17|+ 8] 6 23.40 
10 12.4897 #)27.9343"|— 9) + .5 .0 | 40 29 51.72 |+ 630.23) + 66/+ 8|+12) 7 22.88 
III 1} D| 9.5366 |25.4360 |—347| — .7 | —1.8 | 40438 4.92/— 6 40.86] — 49|— 34 |—14/10 23.19 
2 81.8560%| 7.4890 4i— 11) —1.4 | —1.8 | 40 46 40:59 |—10 15.67) — 93|— 46 —23 ‘11 23.41 
3 38.4213%7| 8.2193 4/4 38) —1.8 | — .7 | 40 25 44.75 |+-10 36.89; + 96|— 387 |+18) 6 22.47 
4 31.2318%"| 6.1647 ti— 58) —2.0 | —2.4 | 40 25 50.11 |+-10 33.23] + 95 | —. 62 |+19] 6 23.92 
5 13.6460 |25.8348 |— 52) — .8| — .7 | 40 31 27.41 4+ 455.20); + 387|— 14/+10/ 7 23.01 
6 91.6763 |18.2008 \— 1| — .6 | —1.0 | 40 87 51.31 |— 1 27.83) — 11/— 22 /— 3/6 23.18 
7 19.8600 (21.8267 |+- 7 +1.5 | +1.8 | 40-86 59.03|— 37.08; — 4/+ 46/—1/6 22.42 
8 22.9880 |16.19138 |— 25) — .8 | —1.0 | 40 33 30.75 |+ 251.67) + 21)/— 17/4 5| 6 22.57 
June 9 26.3630 |12.7950 |\— 49) + .1|— .7|4042 6.80\— 5 42.71|— 48;— 7 |—10/ 6 23.55 
8 |II 1) R /23:0497 |15.8577 |— 25) + .8| +2.3 | 40 39 24.36 — 3 1.66]/— 22/+ 41\|- 5/6 22.90 
2 16.6540 |22.5647 |— 21) +1.5/] + .2 | 40 38 52.07 |— 2 29.30| — 18)+ 27 |— 4/6 22.88 
3 18.7577 |20.4890 |— 5) — .1 .0 | 40-35 38.92 |+ 43.73;/+ 6/— 1/+ 2] 6 22.78 
4 18.8380 |21.6150 |+ 6)+ .4/+41.0| 40 37 32.44/\— 110.381/;— 8/-+ 19 /— 2/7 22.29 
5 91.0650 /20.1250 |+ 4|—.7)/-+ .2/ 4036 46.23|\— 23.76; — 3/— 9/—1]| 9 22.48 
6 8.6027 /32.1667i7) 4 12) 11.2 | +1.3 | 40 46 19.20 \— 9 55.44) —1.05 | + 36 |—17/'6 22.96 
June Ul 26.2473 |13.9017 |\+ 8) + .5 | —1.1 | 40 41 35.06 /— 5 11.96; — 38;— 6/— 9| 6 22.63 | 
4 \II 1} D 17.2478 |24.4070 |+ 52) —1.5 | —2.0 | 40 39 24.52 |— 3 1.04) — 22|— 49 |— 5| 6 22.78 | 
2 22.9463 |17.05138 |— 0} —1.3 | —2.0°|} 40 38 52.24 |— 2 28.95; — 18|— 45 |— 4| 6 22.68 
3 20.9063 (19.1917 |+- 1;— .9|— .8| 4035 39.11|/+ 48.33); + 6|— 24\+ 2) 6 22.34 
4 21.5270 |18.7570 |+ 4) — .8/-+ .4 | 40 37 82.62,— 110.00; — 8)/— O|} 2/7 22.59 
5. 17.9797 |18.9100 |+ 12} —1.0 | —1.5 | 40 36 46.41 |— 23.54/— 3/— 85 —1/ 9 22.57 
6 31.4743%"| 7.9037 #1/— 9} — .1 | —1.2 | 40 46 19.41 |— 9 55.55) —1.05 | — 17 |17| 6 22.53 


100 THE SAYRE OBSERVATORY. 


Levels. | Corrections. 


é Ther- 
189). | Star. | P ‘Micrometer. C Fi - 3(d + d/) to Fae 3 r. ra ye Latitude. anne 
June O hy ii On LN ° 
8 II 1) R \22.9880 |15.7307 |— 43) + .1 .0 | 40 39 25.24|— 3 2.00); — 22};+ 1\|— 5) 6 |40 86 23.04 | 62.2 
3 19.2998 (21.0010 |+ 1) — .1 | —1.2 | 40 35 39.82 /+ 43.00;+ 6)/— 16/\/+ 2) 6 22.80 | 62.6 
4 19.8780 |22.1570 |+- 18} — .9:/\—1.8 | 40 '37°33:26)/== A026) Shen Se nee 22.60 
5 22.5467 /21.5957 |+ 17/ + .6| — .1 | 40.36 47.05|\— 24.07;— 3/+ 8\—1)| 9 23.11 
6 8.0548 1/31.6293'¥|\— 4 —1.4 | —1.9 | 40 46 20.17 |— 9 55.67) —1.05 | — 46 |—17) 6 22.88 
U 26.0217 |13.6483 |— 19] — .8| — .6 | 40 41 36.10 |— 5.12.60) — 38]— 20 i— 9] 6 22.89 
8 80.1650'"| 9.8687 *| 0 —1.7 | —2.3 | 40 27 50.11 Se 8 82.84; + 95|— 56/417) 8 23.59 
June 9 22.1140 |19.2817 |+ 14, + .2/-+ .8)| 4035 #.10|4 111.60) + 9)+ 13 |+ 3| 6 24.01 |59.4a 
II 1] D |15.8558 |22.5888 |— 66) + .8 | +2.4 | 40 39 25.43 \— 3 2.47/— 22|/+ 42/— 5| 6 23.17 |67.2 
2 121.0600 |15.1210 — 99 + .2| +1.6 | 40 38 53.04 — 2 29.81; — 18)+ 28\|— 4| 6 23.30 
3 20.5827 |18.8997 |\— 3)/— .2/-+ .9|4035 40.01 |4+ 42.53;4. 6/+ 9/4 2) 6 22.77 |66.1 
4 19.8627 |17.0223 |— 39) + .6} + .2 | 40/37 33:44)— 111/67) —2 98 + 12 ey 21.86 
5 20.5180 /21.4927 _— 8) — .56| — .2 | 4036 47.23|\— 24.65;— 3/— 10|—1]| 9 22:53 
6 35.1837*"| 11.5910 ti) _1 406) +1.2 | +1.1 | 40 46 20.38 |— 9 56.40}—1.05°| 4+ 33 |—17%! 6 23.15 | 65.4 
7) 14.5390 |26.9147 + 76| +- .56| + .7 | 40 41 36.82 |— 512.90; — 88/4 17|— 9/6 23.18 
8) 10.1417 4/30.371777| 1| 0 +1.3 | 40 27 50.32 i+ 881.17; + 95/-+ 16/417) 8 22.85 
June) 10 13.3260 #/28.62437} — 40) + .2) + .7| 40 29 55.14|\+ 6 26.45) + 80)+ 12\)+12) 6 22.69 | 65.0 
10 Oo 1) R /23.0110 /|15.7897 — 39) +1.2 | +2.0 40 39 25.46 I— 3.2.37) — 22|}+ 44\/— 5/| 6 23.32 | 74.3 
| 2 16.2397 |22.1900 |\— 41|+ .7 | -+1.1 | 40 38 53 24 |— 2 30.25|/— 18 + 25\— 4) 6 23.08 
3 18.7803 |20.4690 — ° + 1]/— .8)403540.19|+ 42.66) + 6/— 2/4 2/6 22.97 
4 19.9813 /22.7927 |+ 35) + .4|-+ .1| 40 37 33.66 |— 111.18;— 8|/+ 8|—2/7 22.58 
5 21.5140 |20.5343 |+ 8) — .4|] — 8 | 40 36 47.438|— 24.77;— 38)/— 17|—1] 9 22.54 
6 9.0723 #/32.6830'"|1 28) +1.1|+ .7 40 46 20.61 — 9 56.66) —1.05 | + 26 |—17)| 6 23.05 
ff 25.6447 |13.2350 |— 59) +1.3 | +1.2 | 40 41 36.55 |— 5 13.41 | — 38/+ 35 |— 6 23.08 | 72.7 
8 30.6877*"| 10.4143 # + 1 —1.1 | —2.0 | 40 27 50.54 + 8 32.26;+ 95)|— 42 117) 8 23.58 
9 22.7780 (19.9450 ie 34 —2.1 | —1.0 | 40 35 12.57 |4+ 111.67;4+ 9|— 46/+ 3) 6 23.96 
10 27.1307 |17.82238) 91| —1.3 | —1.4 40 29 55.40 + 6 26.86 | +-80/— 38/|412| 7 22.87 |'71.8 
IIT 1| R /29.8003 f 13.8053 |+253) —1.4 | —1.1 | 40 43 8.60 — 6 44.79; — 49|— 86 |—14/10 22.92 | 70.8 
2 8.1283 4/32.6333%"|. 15) — .8 | —1.4 40 46 44.23 —10 19.22) —1.07 | — 30 —23/11 23.52 |71.1 
3 7.6590 #/32.7067'"|t. 8) — .6 | — .1 | 40 25 48.97 |--10 32.92 | +1.10|— 11/+18) 6 23.12 
4 7.0947 #/31.9693'"|_ a —1.8 | —2.0 40 25 54.26 |+-10 28.47] +1.09 | — 53/419] 6 23.54 
5 127.2803 |15.7877. |4-153) — .8 +2.7 | 40 31 31.48 i+ 450.78) + 37/)/+ 22/110] 7 23.02 
6) 19.2093 {22.8607 j+- 33) — .8 | .0 | 40 87 55.47 I—. 1 82.85) — 11]/— 12 ies 3/ 6 22.92 
i 22.6157 |21.0180 | 26)+1.2| — 3/4037 345/— 40.49)— 4 + 15\—1| 6 22.82 
8 17.4600 |24.0893 + 44 — .9| — .8 | 40 33 34.86|+ 247.62) + 21|/— 18/+ 5/ 6 22.62 |'70.1 
June} 9} {14.0007 |27.7810 |+104) — .8 | —1.5 | 40 42 10.88 |— 5 47.19] 43|— 31 |—10/ 6 22,86 
11 |III 1) D |11.4683 |27.5190 |— 74) — 1 .0 | 40 43 8.89 — 6 45.388; — 49|— 1 j|—14/10 22.97 | 73.8 
12 |IT 1) D /16.9260 |24.1090 |. 32) —2.6 | —3.4 | 40 89 25.86 |— 3 1.58] — 21|/— 84\— 5] 6 23.24 | 74.8 
2 21.7957 |15.8257 |— 63] +1.0| +. .8 | 40 38 53.66 |— 2 30.69] — 17 + 26 \|— 4| 6 23.08 
; 3 21.5413 {19.8757 |+ 10 — .8| — .4/40 35 40.64/14 4211/4 5|— 19 + 2) 6 22.69 |'74.3 
une 
14 II 1| D /16.8903 |23.6163 0} — .6 | —2.2 | 40 39 26.24|— 3 2.58) — 21|/— 387\— 5/6 23.09 | 67.4 
2 22.6047 |16.6887 |— 20) —1.4 | —1.2 | 40 38 54.08 |— 2 30.70] — 17|— 38/|— 41! 6 22.85 
3 21.4143 |19.7663 Fe 8} + .2|— .4|4035 41.09 |+ 41.66 + 5/— 2\+ 2/6 22.86 
4 21.7608 |18.9093 + 9)/+1.1}-+ .3 | 40387 3450 |— 112.06/— 8 + 21/—2| 7 22.62 | 67.0 
5 19.4953 |20.5010 0} —1.6:'| —1.9 |.40:36 48.29\— . 25.44) 3)— 49/— 119 22.44 
6 35.8087'"| 12.1947 # 1196 + .6| + .1| 40 41 21.60 |— 9 56.99] — 99 + 11 |—17| 6 23.62 
i 14.9777 | 27.4117 |11380) — .6| — .7| 40 41 37.60|— 514.51|-— 36|/— isi—9|¢6 22.52 | 66.6 
8 9.7293 */29.9410' 1) — .4 | —1.2 | 40 27 51.51 |+ & 30.70 + 89|/— 21|+17/ 8 23.14 
9 18.6773 (21.3737 jt 1)+ .8|— .2|40 35 13.65|4 1 8138/4 8/4 2/4 3/6 21.97 a 
10 12.9900 #)28.2667'"|— 26] — .2 | —1.1 | 40 29 56.53 + 6 25.94) + 75|— 17/412] 7 238.24 | 65.9 
,|U1 1) D 10.8007 26.8940 —162} — .4|—1.4|40 43 9.76 |— 6 46.23| — 46 | — 24 14 10 22.79 | 61.2 
2 30.1060'| 5.5217 “\— 89! — .4| —1.1 | 40 46 45.37 |—10 20.96; —1.02 | — 20 |—23 \11 23.07 | 61.0 
3 34.0560 9.0423 “\-+- 68) —3.7 | —3.7 | 40 25 50.28 |+-10 32.21) +-1.02 | —1.05 +18) 6 22.70 
4 31.3469" 6.5390 */— 46) — .9 | —1.9 | 40 25 55.55 +10 26.72/ +1.02|— 38/|+19| 6 - 23.16 | 60.8 
5) |18.4723 |24.9493 |— 81) + 17 — 11 | 40 31 32.73 /4 440.79] 1 32/4 9\410/ 7 23.10 
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Levels. Corrections, Th 
89h. | Star. | P Micrometer. CEs = =. lis itude, abe 
A B eee) Micrometer. r) 1 r |Mer ees CTs 
June ea ea Oe) fie TP | (e) 
15 |IL 1] R )28.18238 |15.9227 |— 28] +1.3 | +1.5 | 40 39 26.42 |— 8 3.36; — 21)|+ 39 |— 5, 6 |40 86 23.25 | 70.3 
2 15.6340 [21.6807 |— 71) + .38) + .2 | 40 38 54.26 |— 2 31.34 17 8 4) 6 22.85 
3 19.8667 |21.0097 |+ 1|— .6 .0O | 40 85 41.80|4- 41.52) + 5|/— 9/4 2) 6 22.86 | 69.5 
4 19.5533 |22.4833 | 24) + .4|) +1.1 | 40 37 34.70 |— 112.88; — 8|+ 20|— 2| 7% 22.04 
5 22.3440 |21.8847 |+ 17|— .4|— .7|403648.50|— 25.55)— 3)/— 15|— 1] 9 22.85 
6 8.7223 1/32. 3688'7|-- 18; — .38 | — .1 | 40 46 21.83 |— 957.51) — 99|— 6 \—17| 6 23.16 | 68.6 
7 25.4000 |12.9547 |— 88} — .7 | — .6 | 40 41 87.85 |— 5 14.24) — 36/— 18 |— 9) 6 23.04 
8 31.5880'"|11.8690%/+ 3) + .6| — .1 | 40 27 51.75 |+ 8 30.89) + 89)/+ 8)+17) 8 28.86 
9 22.8817 (20.1473 |4 35) + .4| — .1/403518.91|/4 1 9.18 8 5 3| 6 23.31 
10 2'7.1400'" |11.8713#/4- 21) —1.5 | —1.4 | 40 29 56.80 |+- 6 25.86 75 42 |+12)| 7 23.18 | 67.1 
IIL 1/R /30.1150 |14.0707 |-+-292) —1.3 | — .9 | 40 48 10.06 |— 6 46.14 46 82 14 |10 23.10 | 65.6 
2 7.5480 11/32.181'7'y| 7] + .5 | — .2 | 40 46 45.67 |10 21.28, —1.02/-+ 5 |—23/11 23.30 | 66.1 
3 8.7020 #/33.6783'"|+ 52 .0 | — .9 | 40 25 50.63 |4-10 31.22) 4+1.02 | — 11/418] 6 23.00 
4 7.9038 11/32.'7320'7| 14) —2.8 | —2.4 | 40 25 55.89 |10 27.40 1.02 74/119) 6 23.82 
5 26.2777 |14.8874 |-+ 56) —1.2 | +2.0 | 40 81 33.06 |+ 449.21) 4+ 382)/— 44/-+10| 7 22.82 | 65.2 
6 19.1923. /22.9118 |-+ 34) — .6 | +1.2 | 40 37 57.12 |— 1 34.06 nigh 6 — 3| 6 23.04 
7 21.8083 [19.6357 |+ 7 +1.6|)+ .56)4037 4.79|— 42.15 5 82 LG: 22.96 
8 16.9993 (23.5610 |4+ 17) — .5| + .1 140 33 36.50 |+ 245.84|-+ 19 6|+ 5| 6 22.58 
June 9 13.8800 |27.6900 |-- 95] —1.4 | —1.0 | 40 42 12.44/— 5 49.19; — 40)— 35 |—10| 6 22.46 | 65.9 
17 IIT 1] D /16.5460 |23.8087 |+ 1) —1.3 | —1.4 | 40 39 26.71 |— 3 3.39 21 38 5| 6 22.74 | 78.1 
2 93.2100 |17.2190 |+ 10) — .4) — .6 | 40 38 54.58 |— 2 31.40) — 17 14 |\— 4| 6 22.89 
3 20.8590 |19.2248 |-- 1) —1.2)— .8|4035 41.65/41 41.381;+ 5|— 22/4 2) 6 22.87 
4 21.7218 |18.8603 |-+ 8] —1.0 | —1.2 | 40 87 35.05 |— 112.81) 8|— 30|— 2|7 22.41 | 78.2 
5 18.7587 .|19.78738 |— 6] —1.5 | —1.4 | 40 36 48.85 |—__ 25.98 3 4 1) 9 22.61 
6 32.'72138'"| 9.0660%|+ 29) — .8 | —1.2 | 40 46 22.25 I— 9 57.79| — 99|— 28 |—17| 6 23.08 |77.8 
q 11.8930 (24.4187 |—201) 41.7 | +2.1 | 40 41 38.30 |— 5 15.99 86|+ 54 9| 6 22:46 
8 9,365341/29.53870— 1) — .4) — .7 | 40 27 52.174 8 29.69 89 15 AS 22.85 
10 13.2697 41/28.5057'"|\— 387 8 .7 | 40 29 57.31 |+ 6 24.88) + 75 | + 22 \412) 7 23.35 |'76.1 
TIT 1] D |10.9837. |27.0980 |—135| — .'7 | — .2 | 40 43 10.63 |— 6 46.88] — 46|— 18 |—14/10 23.17 |'%4.0 
3 31.9013'%) 6.9553 #¥J— 24) — .6 | —1.3 | 40 25 51.30 |+-10 30.26 1.02 26 18| 6 22.56 
4 30.5727"| 5.787041— 76] + .6| — .1 | 40 25 56.55 |+10 26.08) +1.02|/ + 8 |+19) 6 23.98 
5 13.6513 |25.0707 | — 64] 41.2 | + .1 | 40 31 38.70|+ 4 48.38; + 32)-+ 20/-+10| 7 22.77 
6 290593 118.3087 | 5] + .9|— .2 | 40 3757.79 |— 134.78) — 11)-+ 12 /— 3| 6 23,05 
Uf 18.4058 /20.0577 |— 12 Sap eonA0sie offs e417 5 21 tAG [23.54]|73.1d 
8 23.8087 |16.7648 |-+ 1|-+ .3)— .8 | 40 33 37.19 |+ 2 45.36;4 19}— 5/|+ 5| 6 22.80 
June 9 24.0470 |10.1900 |—347| — .4) — .7 | 40 42 13.12 \— 5 49.26; — 40|— 15 |—10| 6 23.27 |72.9 
18 |IT 1) R [23.1620 |15.8973 |— 30) — .6 .0 | 40 89 26.82 |— 8 3.49;— 21/— 9/|— 5| 6 23.04 |79 1 
2 16.4190 |22.4373 |— 31) + .2 1 | 40 88 54.71 |— 281.99;,— 17/+ 2\— 4/6 22.59 |79.1 
June 3 18.4570 (20.0760 |— 11) 41.4] + .8|4035 41.80|+ 40.88)+ 5)+ 382)4 1| 6 23,12 
20 |II 1) R /24.4108 |17.1450 |+ 50/+ .8 .6 | 40-89 27.04 |— 3 3.70; — 21;— 2/—5| 6 23.12 
2 19.2960 |25.2747 |+119) + .7| + .1 | 40 38 54.95 |— 2 31.37 17;+ 12 4/6 3. Do Nl (4s0 
3 19.5790 |21.2213 |+ 5) —2.3 |—8.1 | 40 35 42.08 /+ 41.51)+ 5)/— 76|4+ 1) 6 22.95 
4 20.4147 |23.3003 |-- 46] — .8| + .1 | 40 87 35.45 |— 113.083; — 8|/— 11|— 2) 7 22.28 
5 21.2477 |20.2097 |-+ 6) — .4| —1.9 | 40 36 49.24|— 26.24;— 38)/— 30|— 1) 9 22.75 |'73.4 
6 8.1757 |31.8583 |— 0] —1.2 | —2.0 | 40 46 22.75 |— 958.40; — 99|— 44 |—17| 6 22.81 
i 26.3447 |138.8623 |+ 11 .0| — .4| 40 41 38.85 |— 5 15.48; — 86|;— 5/|— 9| 6 22.98 
10 2'7,2823i7/12.055341/+ 15) —2.1 | —2.2 | 40 29 57.93 |+ 6 24.79) + %75|— 61 |412)| 7 23.05 |'71.2 
III 1| R |30.3157 |14.2320 |+318] —2.4 | —1.3 | 40 43 11.35 |— 6 47.20| — 46|— 55 |—14/10 23.10 | 67.6 
2 9.61'70 #1/34.2397'7|+ 78) + .5 | — .2 | 40 46 46.98 |—10 22.35) —1.02| + 5 —23/11 23.54 
3 9.0700 #/83,9690'|+- 65| +1.3 | — .2 | 40 25 52.17 |+10 29.31) +1.02|-+ 18 +18} 6 22,92 
4 7.6717 4/32.4107i"/+ 1) —2.4 | —2.5-| 40 25 57.42 |+-10 25.10) +-1.02 | — 70 |+19) 6 23,09 |67.8 
6 18.0483 |21.8493 |— 1)— .8|-+ .6 | 40 87 58.70)/— 136.04)— 11) + 1\— 3| 7% 22.60 
af 21.4290 |19.7017 |+ 8/+ .4|— 1/4087 6.40\— 43.66,— 5)+ 5 |— 1| 6 22.79 
8 18.1717 [24.6617 |+ 81) + .38| — .3 | 40 33 38.11 |+ 2 44.19/ + 19;+ 1/4 5/6 22.61 |67,8 
9 14.7577 |28.6123 |+203) —1.6 .0 | 40 42 14.04 |— 5 50.59| — 40|— 25 |—10| 6 22.76 
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| | Levels. / / Corrections. 


94. ; of ? ., . a Ee 2 / { Latitude. Ther- 
189 | Star. P Micrometer. E ras 4(6 + 6/) ake 5 | 3 se | Mer aa 
June OG oes - ime) i 

22 Il 1D 14.9940 (22.3150 — 85 + .2| +1.4/| 40 39 27.28 — 3 4.77 — 21|+ 20/\— 5| 6 |40 36 22.51 | 78.0 

2 22.5197 16.5040 — 26 — .1\ + .1 | 40 38 55.25 | — 231.94, — 17 0—4 6 23.16 
3 19.7767 |18.1690 |— 14, — 5 |— 1/4035 42.36\4 40.59'+ 5|;— 9)|/4 1) 6 22.98 
| 4 21.0363 18.1510 — 11/— .6 | —1.0 | 40 37 35.72 |— 112.88; — 8|— 22|—2| 7 22.59 |77.8 
5 17.8397 18.9060 — 16 —2.9 — .5 | 403649.51'— 26.90,— 3 — 53 == 1/9 22.13 
| . 
6 31.8130 8.1360%— 1 —2.1 | —2.4 40 46 23.08 — 958.26 — 99' — 63 —18) 6 23.08 
| 7 12.6720 25.1740 —118 —2.1 —1.6 4041 39.20 —515.60 — 36 — 53 — 9) 6 22.68 |75.6 
8 9.0497 29.2160% — 1 —1.3 | —1.8 40 27 53.14\+ 829.55| +. 89| — 43/417) 8 23.40 
| 10 11.5823 # 26.7550 + 35 .0 — .8 40 2958.33 + 62347 + 7 |— 10/|+12| 7- 22.64 |74.9 
III 1) D 12.4693 28.6063 + 82 —1.7 —1.8 40 43 11.79 '|— 647.95 — 46 — 50 —14/10 22.84 |73.9 
72 30.4007" 5.7160% — 79 + .8 — .2 40 46 47.42 —10 23.52 —1.02 + 9 —23 111 22.85 
3 34.3783", 9.5040# + 82 — .0 + .2)| 40 25 52.71 +10 28.72 +1.02';+ 2 418) 6 | 22.71 174.7 
4 31.9827 7.2657%— 16 —1.0 —1.0 40 25 57.95 +10 24.50 +1.02 — 28 +19 6 23.44 |73.9 
6 - 21.8460 18.0397 |— 141.1 + .2 403759.25 — 1 36.17;— 11,\/+ 19 — 3) 6 23.19 
8 23.1097 16.6077 |— 9 —1.7| — .8 | 40 33 38.67 + 244.27) + 19|— 37|/4+ 5| 6 22.87 
June) 9 25.3720 11.4648 —194 — 4\ — 9 40421459 — 550.92, — 40 — 18 —10/ 6 23.05 | 73.7 
27 \II 2) R |16.3307 |22.3807 |— 35} — .9 | —1.7 | 40 38 56.01 |— 2 32.78) — 17|— 36 |— 4/6 22.72 |76.8 
3 19.7153 21.2848 + 6 — .9,|— .7 4035 43.26 + 39.66, + 5|— 23/4 1/6 22.81 
4 19.4240 22.3367 |+ 22) —1.0| -— .7 | 40 37 36.57 |\— 113.65 — 8|— 25|— 2|7 22.64 
5 21.8700 |20.7650 |+ 12) — .6| 0 403650.40\— 2795 — 3 — 9/—1! 9 22.41 
| : ; } | 
6 8.2440 31.9690% + 2) —1.2 —1.2 | 40 46 24.09 — 959.48 — 99 — 34 '—18| 6 23.16 |76.4 
7 26.9333 14,8777 + 68 +2.0 + .9 | 4041 40.29\— 517.42 — 36\/+ 43\— 9) 6 22.91 |76.0 
Lae; 31.3457" 11.2497% 4+ 141.5 + .4 40 2754.04\+ 8 27.78 + 89 + 29 +417) 8 | 23.25 
June 10 27.6953)" 12.5883 + 4 +1.9| +1.8 | 40 29 5954/4 621.73' 4 75\|+ 53/412) 7 | 22.74 |75.9 
28 IL 2) D 23.3057 17.2330 + 13 +1.2 | +2.6 40 38 56.16 — 233.48 — 17\ + 54 |— 4) 6| 23.07 |74.9 
3 18.4433 16.8877 — 31) +1.0| 41.2 4035 43.42 4+ 39.23 + 5)\/+ 31/41/16 23.08 
4 22.3613 |19.4280 |+ 23+ .6)| + .1 | 4037 36.74|\— 114.18; — 8|+ 11 |— 2) 7} 22.64 |'73,9 
5 20.4690 21.5780 + 10, +1.3| + .7|40 3650.56'\— 28.05 — 3\ + 29'\—1/|9 22.85 
6 31.9140%, 8,1670%+ 1) — .2| — .2 | 40 46 24.29|—10 0.03; — 99|— 6/—18) 6 23.09 
é 14.2953 26.8427 + 62 —1.7 -0 40 41 40.51 — 517.20 — 36 — 27 — 9) 6 22.65 |73.9 
/ 
8 -7523 4 29.8680 — 1\— .4| — .9 | 40 2754.24'/+ 8 28.27;+ 89|/— 18 +17) 8 23.47 
10 11.8537 # 26.9753 + 25 — .0) — .1 | 40 2959.78 + 622.15 + 44/1 2/412) 7 22.58 |'73.1 
II 1) R 30.3643 14.1830 +320 —1.2 — .5 40 4313.38 — 6 49.67,— 46| — 25 |14/10 22.96 |70.9 
2 | 6.8860" 31,6173 — 30 — ,4| —1.2 | 40 46 49.21 |—10 24.82 —1.02| — 21 |—23/11 23.04 
3 8.3807 433.1867" + 33 +2.2| + .3 | 40 25 54.58 +10 26.87 +1.02|+ 388/118] 6 23.09 
| } 
4 8.7643 # 33.3983 + 44 —1.1 | —2.2 40 25 59.78 +10 22.55 +1.02|— 45/419) 6 23.15 
5 26.9250 |15.6307 +127 —1.2 | —1.4 | 40 31 36.85 |+ 445.70| + 32|)— 36/4110) 7 22.68 |'70.6 
6 18.5373 |22.4010 |+ 16) —1.6 | —1.7 | 4038 1.15 |— 1 37.67|— 11|— 47|— 3| 6 22.93 
7 22.6827 {20.8793 |+ 28) — .5|—2.3/4037 8.83|— 45.64)— 65|— 37|—116 22.82 ‘ 
8 17.7727 24.1827 + 53 —1,4| — .4 | 40 33 40.59 + 242.10|+ 19 — 27+ 5) 6 22.72 
| ' | | | 
July 9 13.3890 |27.3453 |+- 48 —1.7| — .5 | 40 42 16.48 |— 5 52.75| — 40!— 33 10 6 22.96 
3 II 3) R |18.3350 |19.8400 — 10 + .7 +1.0 4035 43.99 + 38. + 56 + 23/4 2/6 22.35 |79.7 
4 19,3737 |22.3373 |+- 22); — .1| — .1 | 4037 87.28|\11494;— 8|— 3 |\— 2| 7 22.28 
5 22.3053 ‘21.1810 + 18 — .6 — 1 403651.14\— 2845 — 3\/— 11 —0/| 9 22.64 
: 6, 8.1597 # 31.9397 + 1 — .66| — 1 | 40 46 25.01 |—10 0.87; — 99 ics 8 —18 6 22.95 |'79.3 
i ; | | | 
7 27.6223 15.0533 +147 — 1 — 1 | 40 41 41.33 — 517.96 — 36;/;— 38 I— 9| 6 22.95 
8 31.0273 10.9607 # + 1— 4) ~— .2 | 40 275488 + 827.04, + 89|— 9/417) 8 22:97 |'78.4 
16) 29.5677" 14,4700 — 87| + .2 | -.0|4030 0.76 |/+ 6 21.26;+ 75);+ 3/|112|7 22.99 
II i} D| 9.6403, 25.9490 _|—813) + 1) 0 40 43 14.64 |— 651.29|— 46|/+ 1/|—14/10 22.86 |75.8 
2) Gage 3.2840 #* —180 + 4.7 +1.0 é 46 50.31 |—10 26.48, —1.02 | + 24 |—23/|11 22.93 
3) 32.5057" 7.75479+ 6 14 — .8 | 2825 56.12 |+10 25.41; +1.02|— 32/|+18) 6 22.47 
4 30.7387") 6.1347%# — 62 — .5 — 5 4026 1.34 +10 21.53 41.02 — 14|+19) 6 24.00 
5 12.4033 (23.6473 —194 11,2 41.0) 40 31 38.36 + 4 43.62|+ 382,+ 381/110) 7 22.78 |74.7 
7} |17.7903 19.6993 a 18 — .4 + .2|403710.50\— 4819 — 5|— 4 -—1/6 22.27 
8) 22.9477 16.5910 im 13, — .6, — .8 40 33 42.29 + 2 40.59 + 19);— 2)/+ 5) 6 22.98 


CoO 
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Levels. Corrections. ane 
1894. | Star. | P i x =~ tartneen na | ae oy | ; | i i & 
‘a He eromele?. ie A B 4(9 Fé ) Micrometer. t) Ui r |Mer ae ede 
July Omed W OP f 7. {e) 
3 |IIT 9} D |24.1933 |10.1853 |—346) — .4 | — .5 | 40 42 18.17 |— 5 54.84; — 40|/— 18 —10| 6 |40 36 23.26 |74.4 
5 |{1 3) D /21.2487 |19.7218 |+ 4) — .8) + .1 | 4035 44.15 Pe eB. 00\.2-. 0b | = a4 + 1) 6 22.83 | 69.4 
4 19.8970 |16.93820 |— 41) — .9 | — .5 | 40 87 87.44 |— 114.81; -— 8|— 21 |— 2| 7 22.39 
5 18.8150 |19.9427 |— 7 — .9|— .9 | 4036 51.31|— 28.48)— 3)— 26 0) 9 22.63 
| 6 32.2340) 8.4437#/4 11) — .9 .0 | 40 46 25.23 —10 1.15} — 99 ae 14 |—18 | 6 22.83 |68.9 
7 14.9567 |27.5530 |+188) — .4) — .3 | 40 41 41.58 |\— 518.63) — 386|— 10|— 9| 6 22.46 | 68.1 
8 9.7807 #1/29.8447%" 0; — .1 .O | 40 27.55.25 | 8 26.97; + 89}|/— 1)|+17/ 8 23.35 
10 12.3277 4/27.3910%"/4+ 6|/-+ .6 .0|4030 1.07|+ 6 20.63) + 75 |-+ 10|+12) 7 22.74 |68.5 
III 1} R /29.7010 |13.4853 |+222) — .9 | — .5 | 40 43 15.04 |— 6 51.56) — 46|— 21 |—14/10 22.77 |66.6d 
2 6.9693 #/31.75382'7\— 27)| —1.0 | — .7 | 40 46 50.72 \—10 26.16) —1.02 | — 25 |—23/11 23.17 
3 9.3133 11/34.0423!/4+- 69} 11.9) + .1 | 40 25 56.62 |+10 25.02) +1.02|}-+ 32/418) 6 23.22 
July 4 7.5640 1/32.1083'\— _'7| —2.1 | —2.0 | 40 26 1.84 |+10 20.16) +1.02|— 58/+19]| 6 22.69 |66.8 
9 |III 1} D |10,9800 /27.3130 |—122) — .6 | — .5 | 40 48 15.93 |— 6 32.40; — 48|— 16 |—14/10 22.85 |59.1 
2 32.3247"| 7.4885 1/2 .8| + .7 | 40 46 51.62 |—10 27.55) —1.06|-+ 4 |—24/11 22.92 
3 32.4363| 7.6983 1/4 3) —3.4 | —3.7 | 40 25 57.71 |+10 25.08) +1.05 | —1.00 |+18/ 6 23.08 
4 33.0963" 8.5557 H+ 32) —3.1 | —1.9 | 4026 2.92 |+10 20.16) +1.05 | — '74|+19)| 6 23.64 
5 15.4683 /26.6553 |+104/ — .0 | —1.7 | 40 31 39.95 |4+ 4 42.93) + 382|— 22/410) 7 23.15 
6 23.5057 /19.5090 |-- 53 .0 | —1.8 [4088 4.48|— 141.12; — 12|— 16 |— 3) 6 23.11 
7 20.2543 |22.1863 |-- 20) —1.5 | —1.5|408712.21,— 48.87|/— 6|— 43 |— 2] 6 22.89 |58.5 
8 24.9110 /18.6340 |+ 96) — .7 | —1.0 | 40 33 44.04 |+ 238.85; + 18)— 24/+ 4) 6 22.93 
9 27.5773 |13.5037 |+- 67) —1.0 | —1.1 | 40 42 19.91 |-- 5 55.78] — 41|/— 30 |—10/ 6 23.388 |57.6 
ICV 1] D |21.9283 |20.6823 | 18) -+1.38|— .2|403654.14|— 31.89;— 4/+ 18/— 1/13 23.01 |55.8 
2 20.3993 (21.0507 |+- 3) —2,0 | — .9 | 40 36 39.82|— 16.47; .2)|-- 48 0/10 23.00 
3 12.7890 |29.6640 |+180| — .6 | —1.5 | 40 29 15.54|4 7 6.85)-+ 49 28 |+13) 7 22.80 |56.8 
4 28.2873 .|18.5613 |+ 39) — .9 | — .4 | 40 388 22.34 |-—— 159.51} -- 14/-—- 20 |-- 4/10 22.55 
5 13.1973 #/30.6350i"|— 42) — .8 | — .5|4029 1.91/+ 720.50; + 84);— 20/413) 6 23.24 
6 80.952777)11.0743 ti 0} —2.0 | —1.6 | 40 28 0.87 /+ 8 22.28) + 91)— 52|+14| 5 23.23 
ul 13.5607 #/29,0287i"|— 52) — .1| — .4 | 40 29 50.99 |+ 630.71) + 79|/— 6 {+11) 5 22.59 
8} (28.6567 |18.13860 |4123) — .5 | —1.1 | 40 42 56.47 |— 6 32.48) — 45 | — 22 /—12]/ 7 23.27 
9 18.3313 {21.2607 |— 6) —2.3 | —2.8 | 40 87 87.09 |— 114.00; — 9|-- 72 |— 2/12 22.38 
10 16.2430 |24.8887 |. 43) — .3 .0 | 40 40 2.09 |-- 338.56, -—— 25|— 65 |-- 6| 6 23.23 |55.2 
11 5.7830 433.9913" 9) —1.2 | — .7 | 40 24 29.53 |4-11 52.74) +1.15 | — 28 |4+-20| 7 23.41 |55.6 
July| 12 25.6060 (14.1027 |— 14/— .7| + .3| 40 41 18.45 |— 450.63); — 33|— 8|—9j| 7 22.39 
10 |LII 1} R |29.8683 [13.5290 |+-241) +1.1 | +2.0 | 40 43 16.18 |\— 6 53.46)— 48)|-+ 42 |—14]10 22.62 | 68.2 
2 8.5570 #/33.3937)/ 41; + .8| + .7 | 40 46 51.88 |—10 27.67) —1.06 | + 22 |—24/11 23.24 |66.9 
3 8.0050 1/32.6490'| + 14) +2.4 | 12.3 | 40 25 58.02 |-+10 22.73| 41.05 | + 67/418] 6 22.71 
4 8.'731'741/33.2090|+ 37| + .4| + .5|4026 3.23 /+10 18.58] +1.05|-+ 13 |+19/ 6 23.24 
July 5 25.9337 |14.7900 |-- 85) —1.2 | — .6 | 40 31 40.25|+ 4 41.66) + 382|)— 26/410] 7 22.14 | 65.4 
11 III 1) D /12.8370 |29.1720 |--143} + .8 | +2.3 | 40 43 16.44 |— 653.11; — 48/+ 42 |—14/10 23.23 |'73.9 
12 III 1} R |29.0620 |12.6997 |--125] +1.0 | 41.8 | 40 48 16.71 \— 65375; — 48) -+ 39 |—14)10 22.83 |'79.0 
2 9.2537 #/84.1163i"|- 72) +1.3 | 41.6 | 40 46 52.42 |—10 28.40| —1.24| + 40 |—24)11 23.05 
3 8.0523 #/32.6987"|-- 16] + .8 | +2.0 | 40 25 58.66 |+10 22.80| +1.23 | + 30/418] 6 23.23 |78.8 
4 9.5440 #/33.9783'"|- 67) + .7/ + .8|4026 3.86|+10 17.57| 41.23} + 21|+19] 6 23,12 
5 26.5570 |15.4530 |+ 97) 11.3 | + .2 | 40 31 40.88 |4 440.82)+ 32)-+ 28/-+10| 7 22.42 |78.4 
6 17.2810 |21.8700 |— 24] +1.6 |} +1.4| 4088 5.47|— 1 43.26/— 12/+ 438 |— 3] 6 22.55 
ry 21.0500 |19.0827 |+ 1] +1.6) + .2/ 4037 18.22/— 50.97;— 6/)+ 28)/— 2] 6 22.51 
8 15.9853 |22.2247 |— 49] + .6 | — .1 | 40 38 45.06 |+ 2 37.53} + 18/+ 8|+ 4) 6 22.95 |78.4 
9 18.2100 |27.3607 |-+ 34) —1.0 | — .1 | 40 42 20.93 |— 5 57.64; — 41|— 17 |—-10| 6 22.67 
LV 1] R !20.6610 (21.9337 |+ 13/— .38|— .6 | 40 3654.99|— 32.19} — 4/— 12/— 1/13 22.76 |77.6 
2 21.9957 21.2967 |+ 9) + .2 .0 | 40 86 40.70 |— __ 17.68; —  2;/+ 3 0/10 23.13 
3 28.2560 |11.4143 |— 25) — .7 | — .2/40.29 16.46 4 7 5.49) + 49|— 18/413) 7 22.51 |'76.8 
4 1'7,1003 |21.8880 |— 21] ——- .1; +1.1 | 40 88 23.19 |— 2 0.92;— 14;-+ 12|— 4)10 22.31 | 76.8 
5 29.38623'7/11.9830#i— 14) — .4 0/4029 2.78 |+ 719.10) +1.02}— 6 |+13] 6 23.03 
6 9.8267 #/29.6500%|+ 1/4+1.4/+ .9/4028 1.27 /+ 8 20.89) +1.09| + 34/414] 5 23.78 
Zs 26.598717/11.16834 +. 45) —1.'7 | —2.8 | 40 29 51.87 |+ 6 30.00) ++ 97) — 56 |+11) 5 22.44 
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Levels. Corrections. 


Ther- 
189}. | Star. | P Micrometer. Cc i 7 = ~ | $(6 + 07) Era, 5 1 + \Mer Latitude. | mom. 
1 ek a oO) ll ° 
ae IV 8| R |11.7987 (27.3700 |— 57| — .6 0 | 40 42 57.30 |— 6 33.81; — 45|— 9 |—12) 7 |40 36 23.40 |'75.6 
9 22.4447 (19.4967 |+ 25) + .1 | — .2| 40 37 37.82 |— 1 14.55 — 9)/— 1/— 2/12 23.27 
10 24.5270 |15,8483 |+ 16) -+ .6 0 | 4040 2.87 |— 3 39.33) — 25 + 9/— 6/6 23.38 
ilk 33.5513'7| 5.4093 #/— 387) — .6| — .9 | 40 24 30.28 |+-11 50.99} +1.33 | — 21 |420) 7 22.66 
12 18.6367 |25.1350 |— 62| — .0 | —1.1 | 40 41 14.17 |— 450.388) — 3838)— 14|—9| 7 23.30 |'75.4 
July 
13 |III 1) D /18.9448 /80.2810 290 .9 | +2.1 | 40 43 16.96 |— 653.52); — 48/4 41 |—14|10 23.33 |81.9 
2 30.7204 Score 72 a: .7| +1.6 | 40 46 52.69 |—10 28.70) —1.24 | + 81 |—24/11 22.93 |81.5 
8 34,2087i"| 9.5773 4/76) +1.3 | +2.0 | £0 25 58.97 |4-10 22.01) 11.23 | + 45 |418] 6 22.90 
4 31.1690'"| 6.7063 #/— 42) +1.4 .0 | 40 26 4.17/+10 18.01) +1.23 | + 23 |-+19)| 6 23.89 |81.2 
5 15.1510 |26.2557 |-+ 68) +1.0/} + .7) 40 31 41.20 /+4 4 40.76] + 32) +4 25)+10| 7 22.70 |80.6 
6 22,3488 |18.25387 |+ 10) +2.0 | +1.5 | 40388 5.81 /— 1 43.86) — 12/4 51 |— 3/ 6 22.87 |'79.6 
ti 18.6077 |20.6130 |— 7 — .7|— .2)4038713.56/— 60.65)— 6]— 13 |— 2] 6 22.76 
8 22.2180 |16.0040 |— 48) —1.1 | —2.5 | 40 38 45.41 |-+ 2 86.89) + 18|— 49 4) 6 22.09 
9 25.9910 |11,8240 |—136 .O | — .1 | 40 42 21 28 |— 5 57.62; — 41/— 1 |—10/] 6 23.20 | 77.7 
IV 1] D |20.6493 {19.8720 |+ 1)-+ .7| — .7|40 36 55.29'\— 32.28;— 4/+ 2/—1/18 23.11 | 74.3 
2 18.2353 |18.9683 |— 9) —1.1 .0 | 40 86 41.01;\— _ 18.50/;-—  2/— 17 0/10 22.42 
3 11.3597 |28.20938 |— 382) + .3 | —1.0 | 40 29 16.79/4 7 5.67/44 49)|— 7/413) 7 23.08 |'74.4 
4 20.7393 |15.9650 |— 69) — .8 | —1.2 | 40 38.23.50 |— 2 0.46) — 14|— 28 |— 4/10 22.68 
5 10.7817 #28, 138477|4 12) — .1| — .4/40 29 3.16/4+ 718.50) +1.02;/— 6/413) 6 22.81 
6 29.3783") 9.58174/4+ 1 0} + .2/4028 1.60/+ 8 20.21) 11.09} + 2|+14] 5 23.11 
7 10.6077 #)26.0217!"|/+- 67) — .6 | — .5 | 40 29 52.19 |+ 6 29.64) + 97|— 16|+11| 5 22.80 
8 26.4860 |10.8930 —180) — .8 | —2.3 | 40 42 57.61 |— 6 33.54) — 45|— 384 |—12| 7 23.23 |'72.6 
9 17.4717 |20.4447 |— 27) -- .0 .0 | 40 87 88.08 |— 115.05;— 9 0 — 2/12 23.04 |'72.8 
10 16.2730 |24.9560 |-+ 45) —1.2] — .4|4040 3.16|— 339.51) — 25|— 24|— 6| 6 23 16 
11 4.7273 4}32.8770'%|— 84) +1.0 | + .6 | 40 24 30.54 |4+11 51.06} +1.83 | + 23 |+20)| 7 23.43 
July} 12 24,2647 |12.7177 |—153] + .1 | +1.1 | 40 41 14.42 |— 451.38] — 83/4 15|—9| 7 22.84 |71.9 
17 |III i) R |27.7167 |11.8427 |— 68) —2.4 | —1.8 | 40 48 17.81 |— 6 53.56; — 48) — 655 |-14]10 23.18 |'75.4 
2 10.1883 #34. 9863iy/-108) + .6 | -+ .6 | 40 46 53.58 |—10 29.89) — 95|-+ 17 |-24/)11 23.28 
3 6.8560 #)31.4447!"/— 34) 11.8 | 11.8 | 40 26 0.06 /+10 21.21) + 94]+ 51/418] 6 22.96 |'75.1 
4 6.7910 4131.2030!)— 38] + .6 .0 | 40 26 5.26 |+10 16.74) + 94/+ 10/+19) 6 23.29 
5 26.0208 |14.9500 |+ 47) — .5 | — .5 | 40 81 42.29/+ 439.84) + 32] — 14/410) 7 22.48 
6 16.7203 /20.8480 |— 44) — .7 .0 | 40 88 7.00 |— 1 44.u6}] — 12) — 11 |— 8] 6 22.74 |'74.5 
a 19.8943 |17.8298 |— 30] +-1.1 .0 | 40 87 14.78 |—,  52.10/;—  6/+ 18 |— 2/6 22.84 
8 16.4527 |22.6280 |— 26) -+ .6| + .9 | 40 88 46.66/+ 235.97; + 18|+ 21/4 4] 6 23.12 
9 12.8570 /27.0730 — 5] — .9| -L .2 | 40 42 22.55 |— 5 59.19) — 41] — 12 |—10| 6 22.79 |74.3 
IV 1) R /19.6857 |21.00938 |+ 8)/— 8] — .4|408656.46|— 33.45) 4]/— 18|— 1/18 22.91 | 69.6 
2 22.1860 (21.8803 |-+ 11) +1.0] +1.4 | 40 86 42.21|— 19.12; 2/— 88 0 |10 22.84 
5 28.2407") 10.9177 4-10) — .9 .0 |} 4029 4.47/4+ 717.74) + 73|— 14/4138) 6 22.99 
July 6 8.6123 4/28 .38640i7/+ 4 0} — .6 | 4028 2.89|)+ 819.09; + 80)/— 6)+14) 5 22.91 d 
24 {TIT 1} D 11.8107 /28.2277 |+ 8! —1.7| — .7 | 40 48 19.15 |— 6 54.83} — 48|— 86 |—14/10 23.44 |'70.0 
2 30.7277" 5.8230 4/— 75) 41.6 | + .4 | 40 46 54.97 |—10 29.09} — 95] + 30 |—24/11 [25.10] we 
8 32.1280") 7.575344 4) —1.8|— .4|4026 1.78 /+10 20.27) + 94|— 84/418] 6 22.89 |'70.0 
4 30.9720!) 6.60274/— 49) — .6 | —1.2 | 4026 6.97/+10 15.63] + 94/— 24/419] 6 23.55 
5 13.2130 24.2530 |—121} + .8|— .4 | 40 31 44.00 |+ 4388.65) + 32/+ 8/410) 7 23.22 | 69.4 
6 23.8653 |19,6937 |+- 65) + .1/— 8/4038 8.87/— 145.57; -— 12;/— 8|— 3/6 23 13 
q 18.2487 |20.8580 |— 13) —1.8 | —1.9 | 4037 16.70|— 58.89'— 6/— 53 /— 2/6 22.76 
8 22.3500 [16,2463 |— 37) — .4| — .5 | 40 33 48.62|+ 234.18 + 18};— 18/+ 4} 6 22.90 
9 27,5530 |18.2797 |+ 52) + .6 | — .8/| 40 42 24.62/— 6 0.78) — 41/+ 4/10] 6 23.33 |69.4d 
IV 1| D /20.4553 |19.0700 |— 2 + .2 ,0 | 40 86 568.21;\— 35.00;— 4/+ 8|—1/18 23.32 |69.0 
2 19.4613 {20.2727 |— 1] —2.0 | —2.9 | 40 86 44.04/— 20.50/;— 2]/— 69 |— 0/10 22.93 
8 11.1803 |27.8907 |— 67 + .5 | —1.4 | 40 29 20.06/+ 7 2.06) + 49}— 10|+13) 7 22.71 
4 23.2290 |18.3397 |+- 33] —1.2 | — .2 | 40 38 26.55 |— 2 3.62/— 14|— 21/— 4/10 22.64 | 68.9 
5 12.6303 #|30.8740i"| — 27 ‘+ 4) -+ .2|4029 6.48/4+ 715.64] + 73]/+ 9/418) 6 23.138 
a 27,4970'¥/12.1737 + 7) —2.8 | --2.4 | 40 29 55.44 /+ 6 27.20) + 68|— 74/411] 5 22.74 
8 11.0683 |26.7820 |—147 + .2/+ .7) 4048 0.72|— 6 36.68}; — 45/+ 12 |—12) 7 23.66 


* Instrument probably disturbed. 


ase 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels. Corrections. The 
1894, | Star. | P Micrometer. ON eae aa By i i ue 
A B 2(d ig ( ) Micrometer. oO UA r |Mer ee hella: 
July Ge an Oust e) 
24 {IV 9] D (22.8747 |19.3193 |-+- 22) — .4| — .9 | 40 37 40.81 |— 117.26/-— 9]|— 18 |— 2]12 /40 36 23.38 | 68.4 
10 23.9843 (15.1797 |— 32) +1.4/-+ .1|4040 6.18 |— 38 42.39/ — 25/4 24|/— 6| 6 23.78 
11 34.6077'"| 6.5943 #/+ 42) — .2 .0 | 40 24 33.44 |+11 47.94) +1.04;|— 3-420) 7 22.66 
July| 12 13.5547 125.1597 |— 75) — .8|— .8 | 40 41 17.21 |— 453.04) — 33|— 23\|— 9| 7 23.59 | 68.5 
25 |IIL 1) R /26.8570 |10.8860 |—199| + .7| + .2 | 40 43 19.38 |— 6 55.68) — 48|)-+ 13 |—14/10 23.31 |'78.0 
2 8.5287 #133.4850iv|4- 43] +1.6 | +1.1 | 49 46 55.22 |—10 30.69) — 95) + 40 |—24/11 23.85 | 77.7 
3 8.6337 433.1263 | 35) +2.3 | --1.6 | 40 26 2.06 )+10 18.96) + 94/-+ 56 |+18| 6 22.76 | 77.8 
4 6.7493 4/31.1077iv|— 42) —1.4 | —2.0 | 40 26 7.26 |+10 15.87) + 94|— 47 |+19) 6 23.35 
5 26.2387 |15.2370 |+ 71| + .4| + .7 | 40 31 44.29|+ 438.17) + 32 15 |-+10| 7 23.10 | 77.4 
6 17.3783 |21.5553 |— 20|—1.5 | — .4/ 4038 9.18/— 1 45.62} — 12|— 29 /— 3] 6 23.18 
q 20.9457 |18.8147 |— 3) +1.6)/4+ .4|4038717.01;— 58.84/— 6|-+ 30|— 2] 6 23.45 
8 17.1653 /23.2457 |+ 11)/ — .8 | —1.2 | 40 33 48.96 |+ 2 33.66] + 18) — 28)|+ 4| 6 92.642 
9 14.3500 |28.6027 |+184) —1.0 | —1.4 | 40 42 24.85|— 6 0,60)/— 41 33 |—10| 6 23.47 |75.3 
TV 1) R /19.9880 |21.3907 |+ 9) + .4|-+ .6 | 40 3658.50|— 35.59; — 4/4 14 |— 1/13 23.18 |72.1a 
2 21.7800 |20.9513 |-+ 10) —2.2 | —1.4| 40 36 44.384/— 20.96)— 2 52 0 |10 22.94 
3 29.5227 12.8573 |+174) —1.0 | —1.2 | 40 29 20.88 /+ 7 1.53)+ 49)— 31 |+13| 7 22.29 
4 19.4510. 24.3350 + 81) —1.5 | — .8 | 40.88 26.85 — 2 3.61;— 14] — 384 |— 10 22.82 
5 28.4883) 11.2143 4/4 3) — .7 | — 4/4029 6.81 |+. 7 15.22) -+ 73)/— 16/413) 6 22.79 |72.4 
6 9.9673 #/29.6180%— 2) +-1.6 | + .4/)4028 5.21/+ 816.52)-+ 80|-+ 30/414] 5 23.02 
it 28.0500*"/12.'7507 #/— 18) —1.2 | —1.6 | 40 29 55.76 |+ 6 26.53) + 68) — 39 /-+11) 5 22.74 |'72.1 
8 12.9960 /28.6840 /+117) —1.5 | —1.6 | 40 43 0.49 |— 6 36.69) — 45|— 44 |—12| 7 22.86 
9 24.2690 (21.2307 |+ 73) — .8 | —1.5 | 40 37 41.07 |— 116.95; — 9}. 82 |— 2/12 23.81 
10 24.5113 |15.7048 |+ 8) + .1|— .2|4040 6.47 |— sores — 25 1 |— 6) 6 23.66 
11 30.0247 iv) 7.0310 4/+ 72) —1.0 | —1.3 | 40 24 38.72 |+11 47.52] +1.04} — 33 |+20| 7 [22.22] ae 
i 12 15.0113 |26.6280 |+ 83) — .4) — .5 | 40 4117.47 — 4 Bd — 33|/— 13\|— 9) 7 23.2) (71.8 
Aug. 
5 |III 1} D /15.9573 132.4590 |\—606) —1.2 | —1.0 | 40 43 21.20 |— 6 58.73) + 17|— 82 |—14]| 9 22127 6727+ 
2 32.3293ir| 7.3310%/— 8] — .8 | —1.7 | 40 46 57.18 |—10 31.99| —1.28 | -—— 34 |—25 |11 23.43 | 66.3 
3 34,967017)10.5520 4/106) —1.9 | — .9 | 4026 4.53 )+10 17.54) +1.29|— 42)+18] 5 23.17 
4 33.5277%"] 9.82502) 52) — .4] — .2| 4026 9.74)110 12.03) +1.29;— 7 |+18] 6 23.23 
5 14.9977 |25.9073 |+ 48) + .8| + .6 | 40 31 46.83 |+ 435.93) -— 11)-+ 20/4 9| 7 28.01 | 65.8 
6 23.2123 |18.8963 |+ 40) — .2) — .8 | 40 88 12.00 |— 149.22; 4+ 4)/— 13 |— 3} 6 22.72 
7 18.2310 120.4863 |— 12) — .5|— .9|403719.94|— 56.99); + 2|— 19 /— 2| 6 22.82 
8 23.8857 |17.9057 |-+ 47; —1.6 | —1.0 | 40 83 51.98|+ 231.381];— 6|— 388\|+ 4) 6 22.95 
9 26.2977 111.8497 |—116] —1.1 | —1.6 | 40 42 27.93|— 6 4.99) + 15|— 38 |—10) 5 22.66 | 64.0 
IV 1) D (20.1497 |18.6177 |— 8] +2.4 0/4087 1.55|— 38.71 2 39 |— 1/18 23.37 |60.9 
2 18.4500 |19.4040 \— 9| —2.4 | —2.3 | 40 36 47.52 /— 24.10; 4+ 1)— SS aar 1 (tt 22.85 
3 11.7290 |28.8297 | 19| — .7 | —1.8 | 40 29 23.83 /+ 659.75) — 16|)— 384 |+13| 7 23.28 
4 21.8590 |16.8027 |— 30) + .4 .0 | 40 38 30.10|— 2 7.76) + 5)/+ 6)— 4/10 22.51 |61.0 
5 11.2040 #/28.2767%+ 7| — .6 | —2.3 | 40 29 10.38 |+ 7 11.65) +1.36 | — 38 |4+12) 6 23.19 |61.1 
6 29.8230 '¥|/ 10.3120 # 0} —2.1 | —1.8 | 40 28 8.77 |4+ 8 13.28} +1.34 | — 56 |113) 5 23.01 
1 11.4410 4#/26.5513%)+ 43) + .4 | —1.1 | 40 29 59.30 /+ 6 22.13) +1.38;— 7|+11)| 6 22.91 
8 26.1637 |10.2742 |—225) + .1|— 6/4043 4.42|— 641.15)+ 16)/— 6/—12| 7 23.32 | 60.9 
9 17.4260 |20.6137 |— 28) —2.4 | —2.4 | 40 387 44.09 |— 120.27) 4+ 38)— 69 |— 2/11 23.25 
10 15.5473 [24.5003 |-+ 2) —2.0|—1.3/4040 9.84|— 346.36;+ 9|— 49/— 6| 6 23.08 | 60.2 
11 6.7920 4/34.69931%| 4 51) —1.5 | —1.5 | 40 24 36.98 |4-11 45.69] +1.25 | — 48 |+21/ 6 23.76 
Aug.| 12 25.6910 |18.8953 |— 21; — .1) + .1| 4041 20.64|— 458.17; 4+ 12)— O|—9|7 22.57 | 60.3 
6 |III 1| R |29.0580 |12.4807 |+110 .0 | +1.3 | 40 43 21.43 |— 6 59.26) + 17) + 16 |—15| 9 22.44 |69.0 
2 9.1623 #/34.2177%|4 75| 11.3 | -L2.6 | 40 46 57.16 |10 33.65) —1.28| + 54 |—24|11 22,64 
3 7.7030 4182.0973%|— 51 41.4|+ .3|4026 481/410 16.73] +1.29| + 26 |+18| 5 23.32 
4 9,1787 41/33.38690%)+ 47) + .4 .0 |} 4026 9,97 /+1011.71) +1.29;); + 6)|+18] 6 23.27 
5 26.5083 |15.6217 |+100) — .4|-+ .9 | 40 31 47.07 |+ 435.49) 11/+ 5|/4 9/7 22.66 | 69.4 
6 18.0220 |22.38563 |-+ 8] —1.8| — .2 | 4038 12.26 |— 149.60)/4+ 4)— 23\|— 3) 6 22.50 |69.8 
“| 120.7910 18.4823 |— 8] +1.4]+ .9|403720.20|— 58.35/+ 2/4 34/2] 6 22,95 
8 17.7787 |28.7367 |-- 40) — .9] — .6 | 40 33 52.25 | 230.78; — 6|— 22/4 4/6 22.80 
9 12.7277 |27.1853 |— 38] —2.0) — .9 | 40 42 28.21 |— 6 5.51) +- 15|— 44 |—10) 5 22.386 | 69.1 


* Probably bisected with thread V by mistake. + Outside micrometer limit. 
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Levels. Corrections. 
3 A 1 / atitude, 
1894. | Star. | P Micrometer. Cc , ag 4(0-+ 07) Pr dicey: F ; re L 
Aug. oh Wit Open! 
6 [IV 1) R |19.5887 |21.1100 |4+ 3} —1.7) —1.7| 4087 1.81/— 38.60;+ 2|— 49 |— 1/18 /40 36 22.86 
2 25.0143 |24.0483 |+ 37! —1.6 | —1.6 | 40 36 47.79 |— 24.64)-+ 1/— 46|— 1/11 22.80 
3 27.9857 |11.8527 |— 52) —1.7 | — .9 | 40 29 24.13 |+ 6 59.12] — 16|— 39 /+138) 7 22.90 
4 18.7967 |23.8440 |-- 58) —1.2 | —1.0 | 40 38 30.37 |— 2 7.75|-+ 5/]— 82 |— 4/10 22.41 
5 28.09207"| 11.0807 #/-- 12) +- .6] + .4 | 40 29 10.68 |4+ 7 10.12) +1.36}-+ 15 |+12] 6 22.49 
6 9.1027 128.5907 5 0; — .4/4028 9.07 |-+ 812.71) +1.84;— 5 |4+18) 5 28.25 
7 27.03847%") 11.9453 #)+ 22) — 38) + .8 | 40 29 59.60 |+ 6 21.55) +1.88;-+ 5 |4+11/ 6 22.75 
8 12.4807 |28.3087 |-+ 50) — .7| — .4| 4043 .4.70 |— 6 41.43) + 16|— 16 |—12) 7 23.22 
9 21.7927 |18.5610 j— 4) — .4) + .8| 4037 44.34 |— 121.69)-+ 3/4 3/— 2/11 22.80 
10) 24.2853 /15.2787 |— 22) + .8| — .6 | 4040 10.13 |— 3 47.67;+ 9)/+ 5|— 6/6 22.60 
11 33.20974"| 5.3243 # — 51) —1.6 | — .5 | 40 24 37.25 |4-11 44.88) +1.25 | — 32 |+21] 6 23.33 
Aug.| 12 14.5050 |26.38290 |+ 438) + .5 | + .9 | 40 41 20.89 |— 459.04/+ 12)+ 20\— 9] 6 22.14 
9 jIIT 1) D /13.2903 |29.8677 |+226] — .8 | +1.0 | 40 43 21.93 |— 6 59.69) + 17)/+ 7 |—15] 9 22.42 
2 30.9057*¥| §.8177#)/— 74) +1.5 | +1.3 | 40 46 57.97 |—10 34.10] —1.28) + 40 |—24 |11 22.86 | 
3 32.5387) 8.1757 4/-- 14) — .2| +1.7| 40 26 5.48 |+10 15.99} +1.29] + 18 |+18) 5 23.17 
4 32.4537%"| 8.2793 #|/4+- 14) +1,2 | +2.0 | 40 26 10.70 |4-10 11.22] +1.29} + 45 |+18] 6 23.90 
5 14.5917 |25.4540 |+ 3/-+ .7}-+ .1| 40 31 47.82/+ 4384.63) — 11}+ 18/4 9] 7 22.63 
6 (22.0567 |17.6593 |— 8) +2.6 | +1.3 | 40 88 13.09 |\— 151.16; ++ 4)/+ 58|— 3/6 22.58 
7 18.6363 |20.9653 — 7| +1.3 | +1.7 | 40 37 21.06|— 58.86;/+ 2|]+ 42 |— 2/6 22.68 
8 22.4127 [16.5068 |— 29) +2,7 | +-2.1 | 40 33 53.18 |+ 2 29.25;— 6/+ 70 + 4) 6 23.12 
7) 25.9370 |11.4433 |—164) + .2 | —1.3 | 40 42 29.07/— 6 6.02} + 15|— 13 |—10| 5 23.02 
IV 1) D |20.1017 /18.5273 |— 10} +1.5|+ .9|4037 2.67|\— 39.78 + 2)/+ 385 |— 1/13 23.38 
2 19.1140 (20.1817 |— 3) +1.5 | +1.7| 40 36 48.68|— 26.99 + 1)/+ 465 /— 9/11 22.17 
3 11.6787 |28.2053 |-- 11) +1.0 | —2.2 | 40 29 25.09 |-+ 6 57.93] — 16}— 11]+13| 7 22.95 
4 21.4637 |16.8267 |— 51) +2.0 | +1.5 | 40 38 31.28|— 2 9.75; + 5 + 51\|—.4/10 22.15 
5 11.4110 728.3890 4) + 38/4 .4 | 40 29 11.67/+ 7 9.25] +1.36 + 10/412) 6 22.56 
6 }30.7027 ¥/ 10.2720 # 2) — .6 | — .2 | 40 28 10.06 |+ 8 11.26) +1.34]— 12 |+13] 5 22.72 
7 13.3893 4/28.4150!\— 40) 41.7 | +1.7| 4030 0.58)+ 6 19.78] +1.38 + 49 |+11) 6 22.40 
8 27.5413 /11.5790 |— 60) +2.4) +1.2|4043 5.64|— 6 43.41/+ 16 -+- 54 |—12) 7 22.88 
9} 18.3020 (21.5840 |— 3/4 .6/+ .8| 4037 45.17|— 122.97/4+ 3/4 19|— 2/11 22.51 
10 15.7183 24.7423 |+ 17) —1.5 | — .7| 40 40 11.05 |— 348.19) + 9|— 33\— 6] 6 22.62 
11 5.1763 4/33.0077*|— 62) — .8 | — .5 | 40 24 88.13 |+-11 48.49 +1.25 | — 11 /+21 1-6 23.03 
Aug.| 12) 28.7743 /11.9157 |—224|— .7|— .9| 40 41 21.75 |— 4 59.25 + 12)/— 23/—9| 7 22.37 
10 {III 1) R |27.7503 |11.1680 |— 78} —1.0 | —1.1 | 40 48 22.10 |— 6 59.04 + 17}— 30 |—15| 9 22.87 
2 8.5830 */33.6800%"|+ 52) +1.7 | +1.4 | 40 46 58.16 |—10 34.64; —1.28| + 45 |—24 |11 22.56 
3 7.4670 # 31.8207 iv) — 16) +2.3 | +8.7 | 40 26 5.71 |+10 15.68} +1.29|+ 83 +18) 5 23.74. 
4 7.5190 431.6727 )/— 15) 13.4 +1.9 | 40 26 10.93 |--10 10.62] +1.29| + 78 |+18] 6 23.86 
5 25.9263 /15.0437 |4- 46] —2.6 | —1.2 | 40 81 48.07 |+ 4 85.25]— 11)/— 57/49] 7 22.80 
6 18.6507 |23.0067 |-+ 31) —2.0 | —1.2 | 40 38 13.35 |— 1 50.21 + 4|/— 47/— 8/6 22.74 
0 21.2137 |18.9210 0} —2.2 | —2.7 | 40 37 21.88|— 57.96/+ 2/— 69|— 2/6 22.74 
8 17.0610 22.9917 0| —1.4 | —1.8 | 40 33 58.42 /+ 229.94 -—' 6|— 45 + 4] 6 22.95 
9 13.6693 (28.1710 |+116) + .2 | +2.0 | 40 42 29.40|— 6 6.93} -+ 15/-+ 28 |—10! 5 22.85 
IV 1) R 20.2823 (21.8077 |— 13] — .6 .0|4037 2.97/— 39.86/+ 2/— 9] 1113 23.16 
2 22.4353 21.4093 |— 15} —2.2 | —2.0 | 40 36 49.00|— 25.90 + 1/— 60/—1/11 22.61 
3 28.0990 |11.58138 — 22/4 3 0 | 40 29 25.44 |+ 6 67.55}— 16/+ 5/413] 7 23.08 
4 18.2380 |23.3487 |+ 36] —1.8| + .2| 4038 31.60/— 2 9.30/+ 5/— 26\— 4110 22.15 
5 28.2227 1 11.2680 #)/+- 8) + .5 | +1.5 | 40 29 12.02 |+ 7 8.67) 11.36 + 27 |+12) 6 22.50 
i 26.8863 1"/11.8420 1 + 28 —1.8|— .8| 4030 0.92 + 620.438) +1.38 | — 89 |+11] 5 22.50 
8 18.0463 (28.9827 +182) —1.2| — 3/4048 5.97 |— 6 43.24 + 16|— 23 /—12} 7 22.61 
9 21.7623 |18.5030 + 3) — .2|— .6 | 40 37 45.47 |— 1 22.41 + 3})— 10)/— 2/11 23.08 
10 24.1673 |15.1187 |— 28 +2.6 | +1.2 | 40 40 11.38 |— 348.83) + 9/4 57\/— 6/6 23.21 
11 84.4823 iv 6.6900 #4. 41) 11,2 +3.1 | 40 24 38.45 /+11 42.76] 11.25 a 58 |-+21| 6 23.31 
Aue. 12) |18.8933 25.7413 |— 20) — .9| — .7 | 40 41 22.06 |— 459.49] + 12/— 23/— 9] 7 22.44 
20 |III 2} D 32.1530¥ 7.0097 i) 19) +1.1 | +1.1 | 40 46 59.41 |—10 35.63] —1.28 + 382 |—24/11 22.69 
3) /32.8123%7 8.0093 4/4 6) —11]|— .8| 4026 7.35 +10 14.45] +1.29}— 28|+18/] 5 23.04 
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; Levels. Corrections. | a 
1894. | Star. | P Micrometer. CO) jit nme / ] it ers 
‘ ce A B 3(9 ng : ) Micrometer, | a) I | 9» |Mer a ene BGT. 
Aug, On ae | Ce td fe) 
20 |III 5) D |14.2988 |25.0670 |— 30) +1.3 | +1.5 | 40 31 49.82 + 432.31)— 11)/+ 40/+ 9) 7 |40 46 22.58 | 69.1 
6 21.8910 |17.4120 |— 14) +2.8 | +1.9 | 40 38 14.93'— 153.20, + 4 69 I— 3| 6 | 22.49 | 
q 18.5790 |21.9957 |+ 8] +2.0| +2.1 | 40 87 23 45\|— 1 1.12);4+ 2)+ 59)— 2) 6) 22.98 | 
8 23.0963 |17.2647.|+ 9) + .1| — .1 | 40 33 55.65 |+ 2 27.46,— 6|/— 0/4 4] 6 | 23.15 |68.8 
9 27.8607 |12.7880 |+ 11 -O | —1.0 | 40 42 31.70|— 6 8.46) + 15 ere: 8 |—10) 5 | 23.26 
| | | | 
DyetieD MOsostatsdi90) |= 15) — + Sui— 6) 40187 544\— 49.56) 4- 2|/— 20 \— 1113 | 22.82 |65.1 
| 2 18.7097 |19:8210 — 7) —4.0) —4.4 | 40-36 51.60;\— 28.08) + 1) —1.21 |— 1/11 | 22.42 |65.1 
3 9.9943 /26.4890 |—253; — .6 | —1.6 | 40 29 28.31 |+ 6 55.12 16 | 29 |+13) 7 23.18 | 
4 21.0038 |15.'7903 |— 74) —1.2 | —1.5 | 40 38 34.31 |— 211.61); + 5)}— 39 |— 4/10 | 22.42 
5 11.1953 # 28.0667 i”) + 11) — .8 | — .1 | 40 29 15.04|+ 7 6.58) +1.36)— 14 +12] 6 | 28.02 
| | | | 
6 28.8227 "| 9.4947 fi)4y 4| —2.4 —1.8 | 40 28 138.47 |+ 8 8.67) +1.34| — 61/413) 5 23.05 | 64.9 
fi 11.8333 # 26.7490 iv) 34) + .5]— .2/4030 3.97 |+ 617.19] +1.88;+ 5 /-+11] 6 22.76 
8 26.6020 |10.52038 |—201/+ .7/+ .8/ 4043 8.92|— 646.07; + 16 + 21 |—12| 7) 23.17 
9 17.5217 |20.8960 |+ 386) 4+ .7| — .4 40 87 48.08 |— 1 25.25 3 6 |— 2/11 | 23.01 
10 15.4743 |24.6667 + 5)+ .1) + .5 | 40 40 14.86 |— 852.42); + 9/4 8\|— 6/6 22.11 | 63.7 
11 5.3883 #/33.094017|— 51| +2.3 | +1.8 40 24 41.34/+11 40.33) +1.25|-+ 59 |+21) 6 | 23.78 
Aug.| 12 25.8800 |13.38847 |— 65) + .9 | + .2 40 41 24.88/— 5 3.10)+ 12)+ 17|\—9)| 7 22.05 (64.1 
21 |III 1) R |28.1883 |11.4787 |— 28 + .6 +1.1 | 40 43 23.34 |— 7 112) + 17/-+ 23 |—15| 9 | 22.56 | 65.8 
2 8.4330 4/33.5760i" + 45) + .7)/-+ .6 40 46 §9.57\—10 85.79| —1.28 | + 19 |—24/11 22.56 | 
3 7.3380 #/31.63808%|— 21 +1.9 +1.6 | 40 26 7.54 |+10 14.11 1,29 | 50 |+-18) 5 23.67 |65.1 
4 8.3317 # 32.4220) 41. 14) — .9 —2.2 | 40 26 12.79 |+10 9.09) +1.29|— 42/418) 6 | 22.99 
5 26.8327 [16.0487 |-135| —1.5 | — .7 | 40 31 50.03 |4- 433.11) — 11|— 33 + 9| 7 22.86 |61.7 
6 18 43893 |22.8666 |-- 24) —3.2 | —2.8 | 40 38 15.59 |— 151.99; 4|/— 87|— 3) 6 22.80 
Ui 21.7157 |19.3160 |+ 9 .0 | +1.2 | 40 87 23.68|— 1 0.69) + 2)/+ 15 |— 2] 6) 23.20 | 60.7 
8 17.6883 |23.5060 | 32) —1.8 | — .6 | 40 33 55.89 | 2 27.17; — 6|— 86 \+ 4) 6 22.74 
Aug. 9 18.3310 |27.9843 |--.92) — .8| + .7 | 40 42 31.95 |— 6 9:44) 15 |= 4101 5 22557 | 61.1 
29 |IIL 1] D |12.5590 |29.1960 +125) + .7 | +2.3 40 48 23.48 |\— 7 0.94 + 17)+ 40|—14)| 9 23.06 | 67.8 
2 30.6030) 5.4303 4/— 90) +1.5 |,+ .8 | 40 46 59.73 —10 36.20) —1.28 | + 384 |—25 |11 22.45 |67.0 
3 32.5860i" 8.3010#)/4 17) —1.5 —1.9 | 4026 7.73 |+-10 14.02) +1.29|— 48 |+18] 5 | 22.79 
4 30.8083%"| 6.7087 #|— 46) +2.0 | 41.1 | 40 26 12.91 +10 9.18] +1.29/4 46/118) 6 | 24.08 
5 15.3690 (26.1620 |+ 73| — .6 —1.3 | 40 31 50.24 |+ 433.06) — 11 Pas TORQ] 7 23.09 | 66.4 
6 22.8587 |18.3827 |+ 24) +1.5|— .1 40 38 15.82 \— 153.22) + 4/-+ 22 \|— 3] 6 22.89 | 65.8 
q 19.1793 |21.6013 + T+ .2|/— .4 40 87 23.98 |\— 1 1.25) + 2;— 2/— 2] 6 22.72 |66.4 
8 24.2670 18.4723 |+ 72) 41.0) + .4 40 33 56.15 |-+ 226.69;— 6) + 21 + 4| 6 | 23.09 
9 26.7193 |12.0987 |— 76) 11.7 | + .5 | 40 42 32.21 |— 6 9.45; + 15/+ 384 /—10| 5 23.20 |66.5 
IV 1| R/19.8670 (21.0837 + 3)+ .8/+ NAO DoS i— ee 4e.4ie Os OO 138 22.98 | 65.0 
2 21.9683 /|20.7980 + 14) +1.0} + 8 | 40 86 52.16;— 29.50/;+ 1)+ 26|—1/11 23.03 
3 28.8673 12.4997 |- 95) — .4| — .1 | 40 29 28.93 |+- 6 5405 — 16 —— “eieeie| 7 22.94 
4 18.6707 |28.9168 |4+ 59) + .8| + .5 | 40 38 84.89 |\— 212.77) + 5 hea i 0 22.34 
5 29.5373 7/12.6963 #|— 30) — .4| + .1 40:29 15.69 |+ 7 5.70; +1.36|— 5 |+12)| 6 22.85 | 64.7 
6 10.9470 #/30.2057%— 3) +2.9 +2.2 | 40 28 14.11 |-++ 8 6.90 1,34 | 74 13) 5 23.27 
7 27,8127 '7/12.9177 #}— 16] — .2|/ + .4|40380 4.62 \+ 6 16.54) +1.38 | 4 2 |+11/ 6 22.73 | 
8 13.0890 |29.0953 |4150) — .8| + .1 40 43 9.54|— 6 46.82} + 16:|— 11 /|—12]/ 7 28.22 | 64.1 
9 23.0193 |19.6203 |+ 387) + .9|— .4 40 37 48.62 |\— 126.08; 4+ 38)/+ 9 |/— 2/11 22.80 
10 24.4920 15.2897 |— 7 42.1) + 4/40 40 14.98 |— 352.64) + 9)+ 89 |— 6) 6 22.82 |63.8 
| 
11 34.9057%%) '7.22104/+ 71) —1.6 | — .2 | 40 24 41.94 |+4-11 40.11) +1.25 | — 28 |+21'| 6 23.29 |63.1 
Aug, 12 15.9587 [27.9050 |+201) — 1|/-+ .8| 4041 25.46/— 5 2.54)/4+ 12};+ 8/—9/7 23.10 
23 |[II 1] R |28.1333 {11.4700 |— 26 + .2 +1.3 | 40 43 23.60 |— 7 1.22|/+ 17|)-+ 19 |—15| 9 | 22.68 | 73.3 
2 8.0927 i 33.2430%¥) 30) +2.4 | +1.9 | 40 46 59.87 |—10 35.93) —1.28 | -+ 63 |—24 |11 28.16 |72.6 
3 7.2087 4/381.4823i"\— 26 + .3 +1.7 40 26 7.91 |+10 13,75) 41.29) + 26/418) 5 23.44 
4 7.8000 #32 8870+ 16) + .56|— .2 40 26 18.17 |+10 9.02} +1.29};-+ 6/+18] 6 23.78 
5 27.0850 |16.8800 |+160; — .2 | —1.5 | 40 31 50.44 |+ 4 32.82)— 11|)— 20|4-9/ 7 22.61 |72.0 
6 18.0050 |22.4987 |+ 11| — .4 .0 | 40 88 16.05 |— 1538.64; + 4'/— 6\— 3| 6 22.42 
7 21.8583 |19.4198 i+ 14) 41.1 .0 | 40 87 24.17 |'— 1 1.70; + 2/+ 18 |— 2| 6 22.71 
8 17.8257 (28.1228 |+ 10) + .8} + 9 | 40 33 56.40 |+ 2 26.58) — 6 ) + 25 |+ 4] 6 23.27 


| 
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Levels. Corrections. pas 
189). . Mi , } an ee 1 / Latitude. * 
4. | Star. | P Micrometer | C 7m “ (0+ fo ) Apes, 3 i ls ro aaa 
Aug. | | On iiaht Cre th ° 
23 |III 9} R 12.4520 [27.0793 |— 30) —1.8| + .1 | 40 42 32.47|— 6 9.74; + 15|— 27 |—10| 5 |40 36 22.56 |71.2 
IV 1] D |19.7863 |18.0118 |— 16) —1.1 | —1.6|40387 6.27\|\— 48.57;-+ 2|/— 388|/— 1/13 22.46 |66.6a 
2 17.6880 |18.8870 |— 17) —3.0 | —2.2 | 40 86 52.46/— 29.01) - 1)— 74 \— 1/11 22.82 
| 3 12.2017 |28.5707 |+- 56) — .0 | — .6 | 40 29 29.25 | 654.00) — 16);— 7 |+13 7 23.22 |67.3a 
4 20.0033 |14.7400 |—121| +1.0 .0 | 40 88 35.20 |— 212.76; + 5/+ 16)/— 4]10 : 22.71 
| | 
5} |11.'7493 He8.57387%)— 4) — .5 | — .8 | 40 29 16.03 |4 7 5.35) +1.36|— 18|+12| 6 22.74 |66.7 
6) 30.5110 }11.2427%7— 4)— 6) + .5 | 40 2814.46 \4 8 7.14 +1.34}/— 3/413) 5 23.09 
7 112.9800 4/27. 8687i"\— 20) — .2| —1.5|4030 4.96 - 6 16.37) +1.88|— 22|+11) 6 22.66 
8) 27.8597 |11.7797 |— 28) — .8)—1.4/40438 9.87 |— 6 46.47/ + 16|)— 22 |—12) 7 28.29 
9 18.9597 |22.38740 |+ 29] — .0| + .2/| 40 87 48.92 |— 126.39) 4+ 3/+ 2)/— 2)11 22.67 
10 14,9030 124.0693 |— 39) —2.3 | —1.3 | 40 40 15.31 |=" 3 51.65) == 9) — 536) 6 23.22 | 65.8 
Aug. 12 26.0000 |14.0007 0 +°.3} — .38|40 41 25.77 |— 5 3.87); + 12;4+ 1\/—9 7 22.51 | 65.6 
24 III 1! D 12.8568 |29.51838 +173) +1.6 | +1.1 | 40 48 23.71 |— 7 1.69); + 17] + 40 |—15| 9 22.53 |74.7 
| 2 31 8997"; 6.7180 %)— 33) +2.5 | 42.9 |4047 0.00 |\—10 36.57) —1.28 | + 77 |\—24 11 " 22.79 |'74.4 
3] 31.6080) 7.8550 #/— 20) — .3 (ar .8 | 40 26. 8.08 +10 13.12) +1.29)/+ 5 +18 5 22.77 
| | | 
| 4 31.6068%"| 7.5880 11}— 17 +1.1 | +1.8 | 40 26 13.387 |410 8.46) +1.29|-+ 40|+18 6 23.76 |74.1 
5 (14.5813 |25.3687 |— 0)/+ 4)+ .1 / 40 31 50.63 |+ 432.60; — 11}/+ 8/4 9| 7 23.36 
6 /22.3337 |17.8407 |+ 3) + .9/-+ .3 | 40 38 16.26 |— 153.60|;+ 4/+ 18|/— 3) 6 22.91 |'73.5 
7) 118.3140 |20.7673 |— 10) + .5|— .1 | 4037 2440|\— 1 2.00;+ 2)+ 6 |— 2) 6 22.52 
8 \23.1857 |17.4027 |+ 15) + .7| +1.0 | 40 33 56.64 |+ 2 26.25;— 6/-+ 24/4 4] 6 23.17 
9 27.9497 (18.8253 |+ 49) + .6 | —1.1 | 40 42 32.72|— 6 9.86) -+ 15 6 |—10| 5 22.90 |%2.4 
ITV 2] R |22.6253 |21 45838 |= 21) —2.1 | —1.7 | 40 86 52.76 |— 29.56: 1j— 65 )\— 1111 22.76 | 68.7 
3 30.6687 (14.8040 |+857; — .9 | + .2 | 40 29 29.59 |4+ 6 53.88; — 16)-- 12 |+13) 7 22.89 
4 18.2820 |28.5193 |-+ 42) — .6 | — .8 | 40 38 35.51 |— 212.562; + 6)— 20\/— 4/10 22.90 
5 28.0990*/11.2923 4/4. 11) —1.4 | — .7 /402916.387/+ 7 4.94) +1.36)— 31/+12) 6 22.54 |68.1 
6) 9.9420 429.1893) 3} +1.2|-+ .1 140 2814.81/+ 8 6.62} +1.84/-+ 21/413) 5 23.16 
7 27.1663 #"}12.2910 t+ 12) — .4 .0 | 4030 5.80\/+ 616.11) +1.38|— 6/|+11)] 6 22.90 
8 18.0170 |29.0863 |4+148) — .7 | — .8 | 40 48 10.21 |— 6 46.64) + 16|— 22 |—12)| 7 23.46 
9) 22.2937 |18.8887 |+ 18 10 |= 46 11401874923) =o 2618 + 3};— 6/— 6/11 23.12 | 68.2 
10) 28.8077 |14.6477 |— 60) 4+ .4) — .4 | 40 40 15.65 |— 352.70; + 9)/+ 1\— 6/6 23.05 | 67.4 
51) 39.2723 7.62173] 97) — 78 | — .6 | 40 24 42.59 |+-11 39.32} +1.25|— 20/+20)| 6 28.22 
Aug. 12 14.2130 26.2167 |-+ 21] — 5 | — .7 | 40 41 26.10 |— 5 3.53 + 12;);— 17|—9| 7 22.50 | 67.6 
SLEDL Re 27574038) 10697 == 8b) — 29 208) 40 AB oa 7G + 17|— 6\|—15| 9 22.86 | 67.5 
2 8.4458 i 33.6010 + 47) + .1| — .6) 4047 0.51 |—10 36.11} —1.28;— 6 |—24/11 22.93 
3 7.0267 #/31.2607/— 33) +1.0/-+ .8|40 26 8.81 |+10 12.61| +1.29 + 26 |+18) 6 23.21 | 66.6 
4 7.8543 #131.8903'*|\— 6] — 5 .0 | 40 26 14.15 |4+10 7.67) +1.29|— 8/418] 6 23.27 
5 20.5117 14.7747 |+ 18) — .8) — .4| 40 81 51.31 |4+ 431.49; — 11}/— 10/4 9| 7 22.75. | 65.8 
6) 18.0173 |22.5273 |+- 11) —2.2 | — .8 | 40 88 17.82 |— 154.05} + 4)— 45 |— 3] 6 22.89 
7 21.6737 |19.1957 a eS Zh / — .8 | 40 37 25.55 |— 1 2.67;+ 2/+ 2/— 2/6 22.96 
8) 18.0467 |23.7863 |+ 47) —1.1 | — .1 | 40 83 57.88 /+ 2 25.23}; — 6|/— 19 + 4/6 22.96 
9 11,2697 125:9717% |—1'76) ——1.5 | 120-3 40 42 84.0466 alo) —— seen: 22.68 | 65.0 
IV 1) D /19.9543 |18.1503 |-- 15) +2.5 | +1.3| 40387 8.21|— 4557)+ . 2 + 57 |— 2/14 28.35 | 63.4 
2 25.6217 |26.8560 |+ 67) —1.8|— .2|40365451|— 31:88;+ 1/— 381 /—1/11 22.93 |64.1 
3 10.6157 |26.9010 |—178} +1.5 | + .3 | 40 29 31.55 |-+ 6 51.28] — 16 + 27 |-+-13) 7 23.14 
4 21.8007 |16.4528 |-- 41) +2.8| + .5 | 40 88 37.89 |— 215.12) -+ 5 + 45 |— 4/10 22.83 
5 10.9693 # 27.6527'"|4+ 20) +2.2 | +1.1 | 40 2918.48)4+ 7 1.85] +1.36 + 49/112) 6 22.36 | 62.6 
6 29.3487 %"| 10.1833 i] 1) —1.6 | — .8 | 40 28 16.96 + 8 4.55} +1.84|— 36 +13) 5 22.67 
fi 13.8613 4)28.6527+7,— 59} + .8) + .9|4030 7.47 /+ 6 18.81 +1.38|-+ 24|+11) 6 23.07 
8 27.8860 |11.6938 |-- 30} +1.4 | + .1| 40 43 12.32 |— 6 49.31 + 16|+ 24|—12/ 7 23.36 
9 18.9963 |22.4960 |-+ 24) 11.2 | + .6 | 40 37 51.12 |— 1 28.54 + 3/+ 27\|— 2/11 22.97 
10 15.5987 |24.8900 + 19) — .8)-+ .5 | 40 4017.84 |— 354.95; 4+ 9 + 1/— 6/6 22.99 | 62.0 
11 6.1707 4/33.753317\— 2) + .1| — .8 | 40 24 44.73 1111 37.35 +1.25|— 2/121] 6 23.58 
Sep. 12 20.7878 |13.6817 |— 29) — .1| + .1! 40 41 28.20 |— 5 5.98 + 12;— O|—9| 7% 22.82 | 62.3 
7 |III 1) D |18.9478 (30.6133 |+382) + .7 | +2.5 | 40 43. 24.58|— 7 2191+ 17|+ 48 |—15] 9 22.93 |'70.8 
2 82.4870") 7.24171 7 + 3/-+ .2/4047 1.17 |—10 36.98) —1.28 + 7 |—24/11 22.85 
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| Levels. Corrections. 
189}. | Star.| P Micrometer. G 4(d + 0’) Latitude, | Ther- 
A B Micrometer. 0) 1 r |Mer mom. 
Sep. 7 A On UD oe ee fe} 
7 |III 3} D |30.7803%"| 6.5717 4|— 50) — .6|— .5|4026 9.66 |410 11.92) +1.20 | — 16 |417]| 5 |40 86 22.84 |'71.0 
5 11.9290 (22.6340 |—254| +1.1 | + .2 | 40 31 52.50 |+ 4 80.00 i 20 |+ 9| 7 22.75 
6 22.7270 18.1880 |+ 15) +1.2) +1.1 | 40 38 18.46 — 156.06) + 4/)+ 383 /-- 3] 6 22.80 |'71.1 
Yi 18.4030 |20.93827 |\— 8] —1.3 | — .6 | 40 37 26.78 |— 1 8.94;+ 2)— 28 |— 2/6 22.62 
8 22.8053 |17.1180 — 2) 4+ .1]|+ .5 | 4033 59.19/+ 223.78) 6|+ 8|+ 4/6 23.09 
Sep. 9 26.8513 (12.1027 |— 68) + .7 | — .3 | 40 42 85.42 \— 612.71; + 15)+ 7 j\—11) 5 22.87 171.0 
11 {IIT 1) R |28.1467 |11.4837 |— 27) —2.3 | —1.9 | 40 48 24.61 |\— 7 1.21/+ 17])/— 61 /—15! 9 22.90 |64.8 
2 7.8913 41/33.0983 2a, .0/}40 47 1.29 |\—10 87.35] --1.19}— 6 |—25/|11 22.55 
3 8.8240 1132.5363|4- 15| — .8| — .4|40 26 9.88 |+10 12.18; +1.20) — 10 |+17) 5 23.38 | 63.9 
4 8.7218 1/32.7473%"|- 26) —2.0 | —2.2 | 40 26 15.25 |+10 7.50) +1.20 | — 60/418] 6 23.59 
5 26.4003 |15.7207 |+ 98) —1.2 | — .5 | 40 31 52.83 |+ 4 30.25 11|/— 26\/+ 9| % 22.87 | 62.6 
6 18.1220 (22.7227 j+ 17) + .6 | +1.7 | 40 38 18.87 |\— 156.36/+ 4|/+ 31/\— 3] 6 22.89 
uf 21.0457 |18.5020 |— 6] —1.4 | —1.5 | 40 37 27.26 /— 1 430; + 2)— 41 |— 2) 6 22.61 |61.5 
8 16.8167 |22.4777 |— 18) —1.4 | — .8 | 40 23 59.72 |+ 2 23.08; — 6|/— 22)\4 4) 6 22.62 | 61.5 
9} 18.3840 [28.1737 |+-103] +1.6 | +3.2 | 40 42 36.01 |— 6 14.18 15|-+ 66 |-10| 5 22.59 | 
TV 1| R |19.53827 (21.1143 |+ 2 0 .0 | 40 37 10.72 | 47.58| + 2 0 |— 2/13 93.27 (57.8 
2 21.3173 (19.9573 |-- 6)— .1 .0 | 40 83657.18/|—  34.40;/+ 1) 1/— 1/11 22.88 | 
3 29.8183 |13.1633 |+175) —1.1 | — .47] 4029 34.53 |+ 6 48.88 Mais) as BY eats || 7 23.22 158.2 
4 17.8467 [23.2963 |+. 28) — .1| — .2 | 40 38 40.23 |— 217.85) 5 4 |— 6]10 22.44 | 
6 98 0847111 4720 4-7) — 28 1.1 | 40 29 21.66|+ 7 0.02) +1.27) — 25 |+12)] 6 22.88 | 
6 10.1067 #/29.1840%7)+ 12) + .9 | — .1 | 40 28 20.21 |+ 8 1.08 1.25) + 18 TO OM 22.85 |57.2 
7 9'7.246317/12.5837 72/1 4) —1.4 .0 | 40 30 10.77 |-+ 6 10.71) +1.29| — 22)\+10) 6 22.71 
8 12.1304 (28.4037 |+- 38) — .9|-+ .1 | 40 43 15.51 |\— 6 51.52) + 16|— 11 |--12)| 7 23.99 | 
9 23.1648. |19.5677 |-+ 42) — .4]-+ .2 | 40 8753.98 |— 131.04) + 38)/— 4/\— 3)11 23.01 
10 24.8663 |15.4423 |+ 13) +2.1) — .1 | 40 40 21.12 — 358.29) + 9)+ 383 \|— 7| 6 23.24 157.8 
11 33.6713%"| 6.2220i;— 2) — .7 .0 | 40 24 47.93 |+11 33.98) +1.16 | — 11 |+20)] 6 23,22 
Sep. 12 14.6940 (26.9157 |+ 85) +1.9 | +1.9 | 40 41 31.35 |— 5 9.21 12 54 |—10| 7 22.77. |58.4 
12 [IIT 1| D |18.2550 /29.9187 |+229) + .3| + .2 | 40 43 24.59 |— 7 1.88 17 | - 7 |—15)| 9 22.89 |62.5 
2 $2.4533"| 7.264731/— 6) + .8| + .9|4047 1.28 /—10 36.81) —1.19| + 16 |—26/11 23.30 
3 32.0240i"| 7.80633:1— 4) —2.0 | —2.2 |4026 9.90/+10 12.27; +1.20|— 60 |+17) 5 22.99 |62.1 
4 31.2757%"| "7.9857 t]—  2'7/ — .8 | — .6 | 40 26 15.27 |--10 6.45) +1.20|— 12/+18]) 6 23.04 
6 21.4783 |16.8748 |— 34) + .9| + .8 | 40 38 18.94|— 156.31;+4+ 4|-+ 24|— 3) 6 22.94 |61.3 
ai 18.4243 (20.9777 |— 8] —1.1 | — .5 | 40 87 27.384|-- 1 454)/+ 2{-- 24|-- 2] 6 22.62 
8 OOO tT O67 |—— 2) 21.1 1) —.1 1/40) 33' 59.81 |= 2 23.12) —— 6 16 3| 6 23.12 | 
9 25.9970 |11.2190 |—110) +1.2 | — .1 | 40 42 36.11 — 618.17; + 15 18 |--10| 5 23.22 |61.4 
IV 1] D |20.3370 |18.4220 |— 12) 1.3) -+ .1/403710.89|— 48.389; + 2/4 22 /— 4/18 22.83 160.8 
2 18.9130 |20.2737 |— 4| —2.4 | —1.9 | 40 3657.386|\— 34.39) + 1/— 68|/— 1/11 22.45 
3 12.0733 |28.2203 |+- 20) + .3 | —1.8 | 40 29 84.74 |+ 6 48.28) — 16) — 17 |-+13) 7 22.89 | 60.6 
4 21.5480 /16.0823 |— 59) + .5 | — .2 | 40 38 40.44 |— 218.04 5 Tj BO) 22.57 
5 11.1020 #/27.6857"|- 27| + .4| — 1 | 40-29 21.90 |+ 6 59.34 +1.27/+ 5|+12) 6 22.74 | 60.5 
6 29.54837/10.5127 1 0| — .4) — .1 | 40 28 20.46 |+ 8 1.26] 41.25 | — - 8/413) 5 23.07 | 60.4 
7 12.3910 427.0537) 12) —1.6 | —2.2 | 40 80 11.02 |+ 6 10.74; +1.29 | — 53 |+10 6 22.68 
8 26.4833 |10.1647 |—238] — .5 | —1.5 | 40 48 15.75 |— 651.97); + 16|— 27 |—12| 7 23.62 
9 17.8927 |21.5847 |— 10) +1.8 | +1.9 | 40 37 54.20 |— 1 32.05) + 38/-+ 53 |— 3 11 22.79 
10 14.8863 [24.3823 |— 31] + .8) + .2| 40 40 21.39 — 358.74 9 15 J— FIG 22.88 |59.6 
11 5.9348 11183.3563i¥,— 24] +1.6 | +1.2 | 40 24 48.19 |4-11 83.28 1.16 41 |+20) 6 23.25 
Sep. 12 25.3267 |18.0857 |— 85 1.9 | +1.8 | 40 41 31.59 |— 5 9.27; + 12|-+ 53 |—10) 7 22.94 | 60.0 
15 |III 2) R |10.0993 +1/35.2947 iy) 123) +1.38 |) + 5 | 4047 1.382 |—10 87.31} —1.19| + 27 |—25/11 22.95 |'76.0 
3 8.1270 41132.34383i7/+ 8] —2.4 | —2.8 | 40 26 10.00 |+-10 12.26) +1.20 | — 74 |+-17] 5 22.94 
4 8.6090 4/32.5770i"|- 21) +1.3 | +2.0 | 40 26 15.39|+10 6.02) +1.20|-+ 46 |/-+-18| 6 23.31 
5 26.3870 15.7417 |+ 99/'+1.6 | +1.6} 40 31 53.04/+ 4 29.39] 11/+ 46/4 9| 7 22.94 | 75.6 
6 18.5173 |23.1880 |+ 33) + .2| + .1|/403819.16|— 156.78); + 4)/+ 4|— 3/6 22.49 
uf 21.9403 |19.8517 |+ 14, 41.4) + .5 | 40 87 27.60;— 1 5.49);+ 2)|-+ 29 I— 2) 6 22.46 |'75.2 
8 18.3907 |24.0507 |+ 60) —1.7 | —1.8 | 40 84 0.10 /+ 2 28.25}— 6/— 50/|+ 3) 6 22.88 
9 12.3580 (27.1643 | — 39) + .38/-+ .8 | 40 42 36.44)— 61424|/4+ 15/-+ 15 |—10) 5 22.45 174.9 
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| 
189), | Star. | P | Micrometer. CG 
| 
Sep. | 
15 |IV 1] R |19.2887 |21.2160 + 2 
2| 121.1520 |19.7447 |+ 4! 
8| [26.5633 |10.4297 |—211 
4) |17.8127 |22.7340 |+ 3) 
5) |27.9283'7 11.3793" + 11 
6| | 9.4767 1/28.4887" + 8 
|  |27.01475"|12.4215 4/1 13 
8| |12.2427 [28.5840 |+ 59 
| 9} 22.8160 |18.7053 |+ 15] 
fi 125.1927 |15.7203 |\— 4 
| 
11] |38.8290%"| 5.9210 #/— 26 
Oct.| 12] {14.0213 |26.2703 |+ 16 
2 IV 1] D |21.0260 /18.9793 0 
| Q] {19.5810 |21.1090 |+ 2 
3] |11.5617 [27.5290 |— 63) 
4| {22.1723 |16.53810 |— 34! 
| 5} |11.08184)27.4760" + 24) 
| 6] |30.8110%}11.47074|\— 8) 
| 8} {28.0077 |11.4903 |— 38) 
| 9} {16.8470 |20.6203 |— 43 
10, |18.9120 23.5433 _—107 
11] | 6.5083 #/33.7637"|4 —7| 
Oct.| 12} 26.0528 |13.6360 |— 19 
5 LV i] R 19.7177 [21.7777 |+ 13) 
2| 21.7903 20.2680 |+ 18 
3} 29.1410 |13.2200 |+163 
| 4! 18.6387 24.2823 | 73] 
5| — |27.0713**|10.7130 4/4 34) 
6} 10.1770 #/28.9837%|+ 4 
T| |26,.8887%"|12.41834) 4. 19 
8} |12.0500 |28.5807 +. 46 
9|  |22.8637 |18.5620 |4+ 17) 
10} |24.2937 |14.6303 _— 46 
11) |33.1850%*) 5.94004 — 30 
a 12] 14.2183 |26.6460 +4 47 
ct. | 
6 |IV 1| D|19.2977 |17.1927 |— 32 
2) |#7.7310 |19.2710 |— 20) 
3] [12.5567 |28.5027 |+ 72] 
4) 21.8577 |16.2153 |— 48| 
5) 12.5108 4/28.8947i7 — 
6} |29.814017/10.5163% 0) 
7) |12.8693 4/27.2887%)— 5 
8 |27.0770 |10.4933 |—176 
9} - |17.9880 |21.83817 |— 38 
10| 15.2120 |24.9013 + 4 
ti 6.5387 5/33.7447" 4. 8) 
12| _ |25.5140 118.0583 |— 77 
I 1] D |27.2287 |12.2463 |— 88 
2| (22.8747 117.8957. |4 7] 
3} (27.8663 /18.4797 |+ 56 
4 18.6440 |21.8163 |+ 5) 
5| |16.5987 |25.2990 | 71 
6| [23.8817 |16.7483 |4 26 
71 (27.4460 |11.6737 |— 60 
8} 22.8757 |16.0973 |— 30 


eee 


RIOR Oo SS ae eer) ares 


Latitude. 


ey Ya we 
40 36 23.08 
22.95 
23.05 
22.77 
22.69 


22.45 
23.56 
23.31 
22.99 


23.16 
22.89 
23.27 
22.54 
238.12 


22.00 
22.96 


Levels. | Corrections. 
| 4 / | 
A | ee a sa ie hanno é l r |Me 
| 1 | oe 
414} 44.7| 237 1s0l\— 49.6) 9/4 44b— alts 
+1.6 | +2.2 | 40 3657.90|— 35.59) + 1)+4+ 53)|— 1/11 
+ .7| 41.4 | 40 29 35.36 |-+ 6 47.36) — 16/+ 20|+418] 7 
— .4| + .1| 40 38 41.03|— 218.33] 4+ 5/— 5|— 3/10 
+ .9| + .8 | 40 29 22.58|+ 6 58.42| +1.27| 4+ 24/412] 6 
4+ .2}— .4| 40 28 21.16|4+ 8 0.69) 4+1.25/— 2/413] 5 
4+ 2/ 42.0| 4030 11.73|-4+ 6 8.99} +1.29/+ 28/410] 6 
+ (9|+1.1 | 40 43 16.45 |— 653.29 + 16|+ 29 |—12| 
— 4|—1.7 | 40 37 54.82 |— 1 81.84/+ 3|/— 38/— 311 
+1.7| + .8| 40 40 22.12|-— 869.58} 4+ 9/4 87/— 7% 
— 5| + .3| 40 24 48.91 |411 82.87| 11.16)— 4|+20 
4+ 18} +1.2| 40 41 32.32|— 5 9.72/4 12]+ 20|—10 
41.9|11.2/403714.45|— 61.75/+ 1/4 45/— 211 
|— 38] .0/4087 1.22\— 88.974) 1)— Sr iif 
OOTY, alleles: 6.43.53) — 9+ 89/418 
—1.0| — .2 | 40 38 44.64|— 222.544 3/— 18|— 56]1 
41.1] + .1 | 40 29 26.67|4+ 654.56| +1.35|+ 20/412 
—1.2 | — .9 | 40 28 25.41|4+ 756.31| +1.88|— 31|+18 
41.2) — .4 40 43 20.71 — 657.50, + 40) + 14|—12 
+ .6|— .1|403758.69|— 185.29/+ 2/+ 8 sit 
—1.4|— 1] 40 40 26.63 |— 4 8.94, 4 6) ell= Fhe 
—1,2 | —2.2 | 40 24 58.84/411 29.10| +1.29|— 47/420] 6 
41.1 | +1.8 | 40 41 36.71 |— 5 13.864 7|+ 844-10] 7 
+ .2|—1.1 |408716.00;— 52.11) 4° 1) — = 41 aig 
—1.3|—1.8|4037 1.79|\— 38.52|4+ 1/— 87}—1]11 
| ; 

0 | +1.6 | 40 29 39.74/4 6 42.93;,— 9|+ 20/418] 7 
— .8|— .2| 40 38 45.29|— 222.87/4 3|— 15 |— 5110 
4+ .7| + .4| 40 29 27.39|4+ 658.66| +1.35|-+ 16/412] 6 
+ .8| — .4| 40 28 26.16 |+ 755.49/ 41.83/4+ 8|+18) 5 
— 2) — .1 | 40 30 16.77|+ 6 pee ig LHIONS 
1.5) — 6 | 4043 21.45|— 658.05) + 10}/— 31 |—12| 7 
— .9|— .2 | 40 87 69.89 |— 1:86.16) 4 92 ey aie 
+ .8| 41.5 |40 4027.48\ 4 420/4+ 6|/+ 32\— 7] 6 

0| + .6| 40 24 54.14|111 27.48] 11.29) + 8/420] 6 
—L1) 0/4041 87.51|— 514.45) + | + 18|-10) 7 

| 
42.9|42.4/408715.15|— 5141+ 1/4 77 alis 
—1.5 | —1.1 | 40 87 °1.96|— 99.88) 14 Spe ee i 
+1.7| + .6 | 40.29 39.94|4+ 6 43.33} 9/4 35/418] 7 
— .3|— .7| 40 38 45.49|— 222.5814 8]/— 14|— 5/10 
41.8 | — .9 | 40 29 27.61|+ 654.18] 41.85/+4+ 9/412] 6 
4+ .1) + .2| 40 28 26.894 755.25|41.33/4+ 4/418] 5 
1} — '2| 40 3017.01/4+ 6 4.42) +1.36/-+ 151410] 6 
42.0| 41.1 | 40 43 21.70|—.6 58.83| + 10/4 46 |—12| 7 
+ .6| + .6|403759.62/—137.17/4 214 17/— 8/11 

0) + .4| 4040 27.69|— 4 4.98)+ 6/+ 5/—7|6 
— .6| + .5 | 40 24 54.40|411 27.85] -+1.29|— 3/420] 6 
— .7 | —2.2 | 40 41 37.77 |— 5 14.71] +7 | 9 10) 
—2.0 | —1.9 | 40 42 42.19|— 6 18.57/44 9|— 56|—18| 8 
— .9|— .4| 40 34 30.26|4+ 153.286; 3|— 19\/4 4/9 
— .2|— 2/4042 14.47|— 551.23/4 8|— 5 \—10/ 6 
— Piper 40 87 43.15 |— 120.22;4 2/4 17/— 3817 

0| + .1|40 32 48.47/4 34014,— 5/4 1/4 7/7 
—1.6 | —1.8 | 40 33 23.22|+ 3 0.41;— 4|/— 48/4 5/6 
+ 8/41.014043 2.23|— 688.61/4+ 9|+ 17|-12| 7 
ae Ae 2\4+ 251.30|\— 4/— 5/4 516 


23.26 - 


se. vawwtet 


Sn a 


OBSERVATIONS WITH THE ZENITH TELESCOPE. a Pa a 


Levels. Corrections, Ther- 
1894. | Star. | P Micrometer. Oey | ee!) oa ae | Latitude. | mom. 
A B . Micrometer. 0 t ry |Mer 
Oct. fap) 4 Ors Mf Oo 
11 |[V 1| R (18.7487 |20.8870 |— 5) +2.4|+1.1 |403715.68|— 52.78) 4+ 1) + 53 |— 2/18 [40 36 28.55 51.4 
2 21.2057 |19.6507 I+ 4) — .8|—1.4|40 387 2.56\— 39.382); 1)/— 380|/— 1/11 23.05 
3 27.2717 |11.3383 | 93) — .4 | —1.4 | 40 29 40.66 |+ 6 42.60] — 9|— 24)|+12| 7 23.12 51.3 
4 17.6803 |23.3550 |+- 29) — .7 | +1.2 | 40 88 46.21 |— 2 23.54) 4 + 5/— 5|L0 22.80 
5 27.70987)11.3823 4/1 15) + .8| + .1 | 40 29 28.46 |+ 6 52.82) 11.85] + 14 |-+12) 6 22.95 |50.0 
IL 1] R \12.9483 [27.9597 | 60| +3.1| +1.4 | 40 42 42.55|— 619.67; 9 68 |—13| 8 23.60 | 43.5 
Lene 17.8587 [22.2973 |+- 4) -+ .8) + .5 | 40 84 30.55 |-+ 152.23) — 3 19 | 2| 9 23.05 | 
3 11.7957 |25.75'70 |—149) — .7| + .9 | 40 42 14.94|— 5 52.60) 4 8/— 0/|—10| 6 2.388 
4 23.0567 |19.8817 |+ 42) + .8) + .7 | 40 87 43.35 |— 120.388) + 2)-+ 22\|— 3| 7 28.25 | 44.6 
i) 24.6593 |15.9717 |+ 27) 1.1) + .7 | 40 82 43.61 |4 339.71;— 5;/— 9 0] es 28.82 [44.8 
6 17.0263 |24.1790 |+4 39} —1.5 | —2.3 | 40 83 23.30 |-+- 3 0.98) — 4|— 53 5| 6 23.77 
ds 11.7543 |27.5480 |— 50) + .4| + .8|4043 2.26 |— 6 39.17 - 9|/-+ 16 |—12| 7 23.29 | 44.4 
8 17.0427 |23.8280 |-- 25) + .2)— .8 | 40 33 31.94 |+ 251.61;— 4/— 7/-+ 5| 6 23.55 | 48.4 
9 16.8423 [21.8067 |— 29} + .7 | +1.2 | 40 88 28.22 |— 2 5.44)/+ 38/-+ 26/— 4] 7 23.10 
: 10) ./31.0608*7| 9.271044 2] + .6| +1.6.| 40 27 10.46 |+ 9 10.87| +1.82/ + 32 |+420| 9 23.26 |44.2 
ct. 
15 |TV 1} D |20.9448 |18.8573 0} — .4| —1.3 | 40 38716.10|\— 52.76) + 1)/— 23/— 2/138 23.23 | 46.6 
2 18.6217 20.1987 |— 8] —2.3 | —2.0|4037 3.03|— 39.72)4 1)— 62|/— 1/11 22.80 
3 11.8283 |27.7453 |— 30) + .4)-+ .1 | 40 29 41.21 |+ 6 42.34;— 9)/+ %7|+412) 7 23.72 [46.2 
4 22.1020 [16.8783 |— 39 0 .0 | 40 88 46.76 |— 2 24.61 3 0 |— 5)10 22.23 
5 11.6343 #)27.9550% | 7 0 | — .2 | 40 29 29.09 |+ 6 52 64} +-1.85|— 2 )+-12| 6 23.24 
6 29.27577"|10.5260 #)/4- 1) —1.2 | — .6 | 40 28 27.97 |-+ 7 54.04) 4-1.83 | — 27 |-+-13) 5 28.25 |45.8 
7 13.4077 #/27.7573"|— 31] +1.0| + .5 | 40 30 18.64 |+- 6 2.71] +-1.36 | -+ 22 |-+-10) 6 23.09 | 45.6 
9 16.8700 |20.7623 |— 40, — .1| — .4|4038 1.15 |— 1 38.3 2;/— 6\|— 3)ll 22.88 | 45.4 
10 15.0147 |24.7497 |— 10] —2.1 | — .4 | 40 40 29,52 |— 4 6.10;-- 6|— 389|— 7| 6 23.08 | 45.2 
11 6.8567 #|33.9840'"|-+- 26) — .2 | —1.0 | 40 24 56.22 |4-11 25.91} --1.29 | — 15 |-|-20) 6 23.58 
Oct. | 12 25.3320 {12.7780 |—105| ++ .4 .0 | 40 41 39.61 |— 5 17.13) - Y|-+ 65 |—10| 7 22.57 [45.1 
16 |[V 1) R /18.38098 [20.4517 |— 11) +8.8 | +3.3 | 40 3716.24|— 54.14) + 1] +1.08 |— 2)18 28.25 (53.3 
2 19.6683 18.0703 |— 15) + .2|— .4|4037 3.18; 40.36)+ 1)/— 2|j—1/)11 22.91 
3| |28.2763 |12.4290 |+ 49] 11.8] + .8 | 40 29 41.87 |-+ 640.78; 9/4 39/12] 7 22.64 |53.1 
4 17.1200 |22.8723 0) +1.3 | +-1.4 | 40 88 46.92 |— 2 25.43) 4+- 3)-+ 39/|— 5/10 21.96 
i) 26.1423 | 9.8870 #)4- 68) +1.5 | 4-2.4 | 40 29 29.28 |+ 6 51.13] +1.35 | + 54 |4+12) 6 22.48 
6 10.4490 #/29.1777%\— | 1) 41.4 .0 | 40 28 28.17 |+ 7 53.50) +1.33 | 4- 22 |-4-138) 5 23.40 |51.9 
7 27.5913 i") 1892748 41/— 22) +1.2 | +2.1 | 40 80 18.84|/+4+ 6 1.91)| +-1.36 46 |-|-10| 6 22.78 
8 12.1680 [28.8187 |+ 72] -+2.0 | +2.6 | 40 48 23.55 |— 7 1.15)-+ 10|)-+ 65 |—12) 7 23.10 R 
9 23.6167 |19.7310 |-+ 57] -+2.3 | +1.4|40 88 1.34|— 138.88/+4 2/-+ 54|— 3]11 23.60 |94.5 
10 24.2357 |14.4447 |— 56) +2.0) + .8| 4040 29.74|— 4 7.40/+ 6 42 |— 7| 6 22.81 |54.1 
11 33.1823'*| 6.0707 #— 23) — .4| — .6 | 40 24 56.44 |+-11 25.39) 4-1.29 14 |-+-20} 6 23.24 
12 13.6500: |28.1623 |— 9} —1.6 | — .8 | 40 41 39,83 |— 5 16.82) +4 7) — 36 |—10| 7 23.19 [54.4 
I 2] D [21.8697 |17.4440 |— 23} — .0| — .1 | 40 84 80.58 |+ 151.83)— 3 Lj 9 22.50 |51.1 
26.6533 12.7370 |— 36) +1.4} + .8 | 40 4214.95 |— 5 51.74) - 8 32 |—10| 6 23,57 
4 17.6877 |20.8747 |— 19) +1.5 | + .5 | 40 87 43.29 |— 1 20.53} + 2 30 |— 38] 7 23.12 | 50.6 
5 15.8330 [24.0327 |— 26) + .5 .0 | 40 82 43.49 |+ 3389.88; — 5/-+ 8|+ 7) 7 23.54. 
6 24.2608 [17.1818 |+ 45) — .7| — .4| 40 33 23.12/4 8 0.85;— _4;— 16)\+ 5| 6 23.38 
7| j27.8163 ‘]11.5587 |— 80) — .2| + 1/4048 2.04\— 688.31/+ 9)/— 1[|-12| 7 23.76 |50.7 
8 23.7880 |16.9630 |+ 23) —1.4 | — .2 | 40 38 31.57 |-+ 251.35)— 4 25 | 5| 6 22.74 [50.1 
9 21.9943 |17.08383 |— 20] —2,1 | —1.9 | 40 88 27.84/— 2 4.11)4+ 38|— 58|\—4| 7 25.21 
Oct, | > 10 7.8300 4/29,1480'”\— 28) + .4 | — .1 | 40 27 10.04 |+ 9 11.54) +1.82) + 5 |+20) 9 283.24 |50.4 
17 [IV 1] D |19.2540 |17.1227 |— 34| 11.4] — .2|403716.38|— 58.80)/+ 1)/+ 20|— 2/18 22.90 55.4 
2 18.2107 19.8188 |— 18] — .5| + .7|4087 38.38|— 4048/4 1,)+ 1)—1)11 22.97 |55.3 
3 10.6277 (26.5067 |—199| +1.5 | + .2 | 40 29 41.55 |+ 640.95)— 9/|-+ 26|+12) 7 22.86 | 53.6 
t 22.1593 |16.4277 |— 38} — .4) + .5./ 40-88 47.10|— 22481)/4 3 0 |— 5 10 22.37 
Hy) 10.5480 #26.8603'%|+ 42| + .2| + .2 | 40 29 29.47 /+ 652.65) 41.85 |-+ 5 |+12) 6 23.70 sk 
6 29.7867¥/11.1103#/— 1} +2,4| +8.8 | 40 28 28.38 |+ 752.18] +1.83 | + 87% |+13] 5 22.94 |53.6 
u 13.8403 #/27.6610'\— 25) + .7 .0 | 40 30 19.05 |+ 6 2.00) +1.86 | + 11 |+-10/} 6 22.68 
8 26.9083 |10.2633 |—207] +-1.6 | —1.1 | 40 43 28.77 |— 7 0.80) -+ 10/-+ 12 |—12) 7 23.64 
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Levels. Corrections. > Ther 
1891. | Star. | P Micrometer. Cc . es 4(d -- 0’) nico, 4 ; . ieee Latitude. aan 
Oct. (eee Ye) OW i e) 
17 |TV 9} D 117.2040 21.0947 i— 31,4 .7| — .3.| 4038 1.54 |— 1388.29) + 2/4 7\— 38/11 |40 36 23.42 |53.4 
10 14,4263 |24.1910 |— 59| +2.3 | +1.4 | 40 40 299.97 |— 4 6,72) + 6!— 54|— 7| 6 22.76 
Mat 6.3003 1/388,42485\—  9| — .8 | — .8 | 40 24 56.67 |+11 25.73 1.29 23 |+20) 6 23.72 |52.9 
I 1|R(|11:9907 [26.9923 |— 66] +1.1 | —1.8 | 40 42 42.66 |— 619.11;+ 9)/+ 1/138) 8 23.60 | 48.2 
2 18.5347 |23.0023 |-- 29) —2.5 | —2.3 | 40 84 30.59 |+ 153.03)— 3 70 |+ 4) 9 23.02 
3 13.5210. |27.4170 |-- 57) — .9 | 1.1 | 40 42 14.95 |— 5 51.47; + 8|— 28 —10) 6 23.24 
4 24.4190 |21.2708 |-- 80) + .4| — .4| 40 37 48.28 |— 119.81)/+ 2)/+ 1/— Say 23.54 | 48.8 
3) 25.1053 /16.8907 |+ 56) —2.3 | —1.6 | 40 82. 43.47 |. 8.40.47) — bo | = aT ear 23.46 
6 16.9923 (24.1380 |-- 37) —1.4 | —1.8 | 40 33 28.08|4+ 8 0.75]— 4/|— 45 |+ 5/ 6 23.45 
Uh 12.4377 |28.1867 |-- 42) —1.9 | —1.7|4048 1.99 |— 6 88.28; ++ 9)]— 62 —12)| 7 23.23 
| 
8) 17.1107 123.9413 |-- 32) —2.1 | —2.4 | 40 33 81.50|+- 252.77) 4|/— 64/+ 5| 6 23.70 | 48.0 
9 18.9133 |23.8220 |-- 60) —2.1 | — .4 | 40 38 27.75 — 2 4.25) + 38)/— 39\— 4| 7 23.17 
Oct. 10 32.1443} 10.5427i1|-+ 18 0 | + 4/4027 9.94/-+ 911.24) +1.32|)-- 5 +20) 9 22.84 | 48.3 
18 [IV 1] R /19.8810 /21.9920 )4 17 .0 | — .8 |40 387 16.52'—— 84) == |) = Oe eis 23.18 |50.8 
2 91,1630 |19.5920 |- 38) —2.1 | —2.6 | 40 87- 3.49|\— 39.73) - 1)— 67)— 1/11 23.20 
3 26.7913 |10.8870 |160 —3.8 | — .8 |40 29 41.72 |4- 6 41.69| — 9 |— 55 )-F12) 7 22.96 1.4 
4; °|17.5680 /23.3100 22 3 | +1.2 | 40 88 47.28 |— 2 25.23) - 3 10 |— 5/10 22.23 
5 2'7.5030i7/11.2120 #/-- 23) —1.7 | —1.1 | 40 29 29.67 |+- 6 51.93] -+-1.85 | — 41 |-+12) 6 22.72 
6 10,6953 #/29.4077%|— 1] 11.3 | +-1.2 | 40 28 28.59 | 7 58.09) 41.33 | + 36 |--13| 5 23.55 | 50.2 
ii 26.8287 i"/12.5067 4/4 18) — .9 | —1.0/ 40 3019.27 /+. 6 2.14] +1.86|— 27 |+10| 6 22.66 |50.5 
8) 10.4610 |27.1247 |—180)/ — .4|) + .9 | 40 48 23.98|— 7 0.84 £0) 32" 5: 12| 7 23.24 
9) 19.8950 |15.9607 — 70) + .8] + .8|4088 1.75 \|— 1 39.29 2 17 |— 3)l1 22.73 
10 24.3547 |14.55387 |— 46] -+1.6| + .2 | 40 40 30.22 |— 4. 7.68 6 - 28 716 22.87 | 49.4 
i 33.4680") 6.38570%— 6) —1.3 .0 | 40 24 56.91 |--11 25.41) +1.29 |] — 214-420) 6 23.66 
12 13.6657 [26.2483 |— 5] 11.0] + .4/4041 40.30/— 518.10) + 7|)+ 21 |—10) 7 22.465 | 49.6 
I 1} D|26.6807 |11.6723 |—109) —1.9 9 | 40 42 42.73 |— 6 19.17 9 41 13 |S 23.19 | 42.7 
: 2 21.8540 |1'7.4067 |— 15] — .2°'| — .6 | 40 84 30.61 |+- 152.40; — 3/]— 10/4 4/9 23.01 
3 27.0448 |13.1403 |4+ 11) —1.1|— .8 40 42 14.97 |— 561.55) + 8 28 |—10} 6 23.18 
A 17.9960 121.1720 |\— 12] — .6| — .8 | 40 87 48.29 |— 1 20:27; + 2/— 19\|— 3) 7 22.89 | 44.1 
5 15.6197 |24.3863 |— 4] + .1]— .8 | 40 82 48.45 |+ 340.37) — 56/— 2)/4 7) 7% 23.89 
6 23.8380 {16.6900 -- 15) —1.6 .4 | 40 83 28.06 |-+ 3 0.76) — 4)/— 81/4 5] 6 28.58 
7 27,2640 |11.4847 |— 90] + .8| — .8|4048 1.96|— 688.71; 4+ 9|/+ 9)|—12) 7 23.38 | 43.6 
8 23.5877 (16.7897 | 11] — .9| — .5 | 40 38 31.43 |+ 251.90) — 4)]— 21 |+ 5/6 pe. l9 | 4325 
9 22.9700 |18.0207 |+ 22 1.3 1.4 | 40 38 27.67|— 2 5.19} 4+ 38/)+ 88} 4| 7 22.92 
é 10 9.38767 #/31.2183%" 3g) + 5) + .6)/4027 9.86 |+ 912.21) +1.82) + 15/420) 9 23.83 | 43.7 
Gis 
19 [IV 1) D/19.8918 |17.7620 |— 99) + .7| + .6/4038716.66)/— 53.78) + 1/-+ 159 |— 2/18 23.19 |54.0 - 
2 19.0630 |20.6893 |— 1;/+ .8|-+ .9|4037 3.63|— 41.11 il 16 \— {)11 22.79 
3 11.7173 |27.6123 |— 46] —1.0 | —1.7 | 40 29 41.89 |-+ 641.75; — 9/—- 87/412) 7 23.37 153.7 
4 21.8283 |16.0950 |— 53) —1.1 | — .7 | 40 88 47.45 |— 2 24.69) + 38/)— 27 |— 5j10 Pps) 
5 10.5080 4/26. 7997%"| + 44, — .3 | — .7 | 40 29 29.86 |-+ 6 52.00) +1.35 | — 14 |+12) 6 23.25 
6 29.4677 %"|10.7460 #|— 1] —2.6 | —2.6 | 40 28 28.79 j+ 7 58.33} +1.83 | — 75 j|413) 5 22.88 
im 13.0933 4/27.4057i7|— 19] +238) + .7|40 3019.48 /+ 6 1.82) +1.36|-+ 46/+10| 6 23.28 | 53.6 
8 26.9190 |10.2547 |—206| +1.7.) 11.2 | 40 48 24.21/|— 7 0.79; + 10)-+ 42 |—12| 7 23.89 
9 18.2210 [22.1420 |+ 6|/— .1/+ .7/4088 1.96|/— 1389.15) + 2;);+ -7|— 8/j11 22.98 
10 15.2093 (24.9880 |-- '7]— .6/-+ .9|40 4030.46/— 4 7.12;+ 6/+ 2/—7/ 6 23.41 | 52.'7 
11 6.0197 #/383.1290i7,— 28) —1.2 | —1.3 | 40 2457.14 |+-11 25.31) +1.29 | — 36 |+20) 6 23.64 |51.8 
12 24,8200 |12.2390 |—163) — .3| +1.0 | 40 41 40.54 /— 517.66, + 7|— 8/|—10!/ 7 22.84 
I 1} D{13.6887 |28.6860 |+-155) — .2 | —1.8 | 40 42 42.79 |— 619.56) + 9|— 25 |—13/'8 23.02 | 47.2 
2 18.3917 |22.8293 |-+ 23) —2.4 .0 | 40 84 30.65 | 152.25] — 8/— 39/4 4) 9 22.61 
3 12.5917 }26.5497 |— 52] +1.6 | +2.3 | 40 42 15.01 |— 5 52.76] + 8)|4 55 |—10| 6 22.84 
4 22.4857 |19.3277 26 1.1) — .8 | 40 87 43.81 |— 119.91; + 2/;+ 14|/— 3] 7 23.60 | 47.2 
5 24.4410 |15.7737 | 8] — .2 +1.9 | 40 82 48.46 |-+ 339.15] — 5/+ 21\/4+ 7| 7 22.91 * 
6 17.0693 |24.2067 |-+ 41 .0 | — .2 | 40 38 23.06|-+ 3 0.55, — 4/— 38)|+ 5| 6 23.65 
a 12.4567 |28.2480 |-+ 48) + .6 + .7/4048 1.94|— 6 39.36] + 9/+ 18/12) 7 22.80 
8 17.0087 |23.8250 26 5 | + .5 | 40 88 81.88 |4- 252.40; — 4])/+ 14)/+ 5] 6 23.99 | 46.3 
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Micrometer, 


“Oct. 


27 


Oct. 


ol 


Nov 
1 


= 
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roe 


18.4800 
82.2237 
18.4223 
21.4203 
27.7563 


16.0137 
27.5390" 
10,7277 # 
26.7537" 
11.3417 


19.7777 
23.8960 
33.5497" 
12.7207 
20.8133 


18.4993 
12.0243 
21.0107 
11.9883 # 
29.5917" 


28.2873 
17.4873 
14,9583 
6.0717 # 
26.7823 


26.7590 
21.7590 
26.8663 
17.8587 
14.8180 


23.6177 
27.1893 
24 0040 
22.5163 
8.9433 3 


12.1630 
18.1217 
13.4477 
23.2383 
24,3633 


17.0517 
12.6243 
16.5780 
18.3483 
30.9620" 


19.0290 
20.3817 
29.2307 
17.1203 
28.297 7% 


11.0293 # 


26.8330" 


12.8820 
22.4807 
24.6260 


20.5670 


19.8217° 


11.9123 
21.7887 


11.2890 # 
29.4270" 
12.4283 # 


28.0290 


15.8630 
14.0927 


6.4677 ti 


20.2953 
18.6567 


20.1363 
27.8617 
15.2290 


28.2360" 
10.9040 * 


11.6147 
21.4603 
24.7967 


33.1213 


14.1640 


11.7193 
17.3460 
12.9467 
21.0327 
23.5267 


16.5017 
11.4120 
17.1900 
17.5960 


30.7880 


27.1958 
22.5790 
27.3847 
20.0747 
15.6510 


24.1627 
28.3680 
23.4040 
23.3003 


9.1067" 


21.2077 
18.7350 
13.4530 
22.9390 


12.1013 # 


29.6723% 
12.5660 # 


29.0883 
18.4973 
14.7630 


| | 
23.4253 
10.3930" 


Meta [taih 


Levels. Corrections. ree 
—— We ite ! ititude, | ~er- 
A B 2(0 + : ) Micrometer. fo) 1 a Woe ik 
OLS it | | Ol AL SO 
— 1|-+ .7 | 40 38 27.61|\— 2 5.14; + 38/+ 2 40 86 22.55 | 
— .%) + 1/4027 9.79 | 9 11.98) +-1.82)}— 1) 23.37 46.5 
+3.0} +2.8 | 40 3716.78 — 564.20; + 1)+ 84 23.54 |56.6 
—1.4|;—1.9 |40 37 3.76 |— 40.44 4 1|/— 46 22.97 |57.2 
+ .3 | +2.2 | 40 29 42.04 |= 6 40.51; — 9|-+ 32 22.97 
--2.2 | +2.4 | 40 38 47.61 |— 225.86) + 3/+ 65 22.48 |56.6 
| +1.3 | +2.2 | 40 29 30.04 |+ 650.89) +1.35 | + 48 22.94. 
+ .9:|— .1 | 40 28 28.99 |-- 7 52.76) +1.83}+ 11 23.37 |56.1 
—1.8 | —1.6 | 40 30 19.68 I+ 6 2.23). +4 1.36 |— 49 22.94 
— .1/+ .2|4043 24.41 |— 7 1.77) + 1o);+ 1 22.70 | 
— .2|—1.9|40 38 2.16 — 1 38.78) 2 27 23.21 
| +- .4] — .2|40 40 30.68 |— 4 7.63) - 6 | - 4. 23.14 |55.3 
| —1.5 | —1.2 | 40 24 57.88 |+-11 24.70) +1.29|— 39 23.24. 
—1.6 | —1.3 | 40 41.40.78 \— 5 17.64|-+ 7|— 42 22.76 155.6 
}+1.8] + .9|403717.20|— 54.51 iS 40 23.21 |52.8 
—1.4 .0|4087 427\— 41.86)-+ 1)— 22 22.80 
| 4-1.1 | +1.4 | 40.29 42.68 |+ 6 40.389) — 9/)/-+ 385 23.52 |52.8 
+ .4|— .2 | 40°38 48.29 |\— 225.93}+ 3/+ 4| 22.48 
0 .0 | 40 29 30.85 | 6 50.77) 4-1.35 | 0 23.15 
—2.6 | —2.7 | 40 28 29.90 + 752.46) +1.33 | — 92 22.96 |51.8 
—1.5|-+ .6 | 40 43 25.41 |— 7 1.50/+ 10;— 16 7 23.80 | 
+ .7|+ .7|4038 3.13/— 140.40;-+ 2/+ 20 \11 23.08 
—1.1 | — .6 | 40 40 31.86/— 4 8.72; + 6)— 25 6 22.94 |51.0~ 
++ .2| — .4|40 24 58.57 |+-11 23.81) +1.29|— 2 6 | 23.91 
+-1.0 .0 | 40 41 42.00 |—. 5 19.15; + 7|/+ 16 7 23.05 151.1 
—1.7 | —1.7 | 40 42 48.388 |— 619.98; ++ 9|— 49 8 22.95 | 46.5 
— .9 | — :1-| 40 34 31.138 | 151.53; — 38|— 16 9 22.60 
+ .8|— :8|40 42 15.47/\— 551.89) + 8/+ 38 6 23.65 
—1.6 | —1.5 | 40 37 43.66 |— 1 20.21; + 2|/— 45 7 23.06 | 47.4 
— .6 | —1.7 | 40 32 43.71 | 340.02) -— 5 Ler 31 uf 23.51 [47.4 
+ .6| +1.7 | 40 38 23.92 |-+ 259.92; — 4/+ 81 6 23.52 
+ 1 .0|40 43 2.02\— 6 388.64/+ 9/+ 1 i 3.43 |47.3 
—1.6 | — .6.| 40 33 31.26 |+ 252.86; — 4|— 38 6 23.36 
— .6 | —1.0 | 40 88 27.41 |— 2 4.40 38|— 22 ree! 22.85 
+ .8 .0|/ 4027 9.51 /+ 9 12.28] +1.82; + 13 9 23.53 | 47.5 
+ .4| —1.9 | 40 42 43.50 |— 6 19.94) + 9 SL | 8 23.48 | 44.4 
—3.4 | —2.7 | 40 34 31.16 |-+ 152.73; — 38/— 89 9 23.10 
— .3| — .2 | 40 42 15.53 |— 5 52.49) + 8] — 7 6 23.01 | 43.8 
3 .0 | 40 37 43.66 |\— 1 20.10; + 2)/— 5 en 23.57 
—2.1 | —1.1 | 40 3243.66 |+- 3 40.27; — 5) — 48 7 23.54 
0 .0 | 40 88 28.13 + 259.88}|— __4;— 0 6 23.08 
1.1} + .2|4043 1.88|— 6 38.21;+ 9|/— 15 % 23.56 | 44.4 
13) -— .5 | 40 33 81.02 |-++ 252.58; — 4 1 6 23.68 | 44.0 
1.1 | +2:9 | 40 38 27.14|\— 2 5.29;+ 3)+ 54 7 22.45 
1.9|— .6|4027 9.20|+ 9 12.55) +1.32|— 38 9 22.98 |44.3 
+ 5 | 1.4 |403717.61 | — 55.08)-+ 1)-+ 26 13 22.91 |54.'7 
—2.3 | —2.6 |4037 4.73|— 41.62) + 1)/— 70 11 22.52 
+ .8 | +-2.2 | 40 29 43.22 |-- 6 39.36)— 9) + 40 7 23.08 |53.8 
2.8 | 2.2 | 40 38 48.86 |— 2.27.11) 4+ 3) + Ar 10 22.60 
1.2 | 11.4 | 40 29 31.49 |+ 6 49.47; +1.35|+ 37 6 22.86 
— .4| —1.0 | 40-28 30.60 | 7 51.33) +1.33|— 19 5 23.25 |52.4 
—83.3 | —1.2 | 40 30:21.38/-+ 6 0.74) +1.86|— 68 6 22.96 
—1.3| + .2|40 43 26.17|—  72.64| + 10;— 18 7 23.40 
— 2/— .8|/4038 3.88/— 140.76, + 2|— 13 11 23.09 
4|— .4/ 40 40 32.72/— 4 9.380) + 6/;— Ill 6 23.36 |50.0 


THE SAYRE OBSERVATORY. 


|| 
is) 
S 
Dy 


1894. | Star. | P Mier i CO} a ie ; itude, | Ther- 
tar icrometer - ve 4(d+ 0’) Paks a ee’ "ar Latitude aie 
Nov fe) } | 
1 /IV11| R [33.6240'%) 6.648084 7) — .5| + .6 )40 24.59.44 /411 92.16) 11.29) 0 +20/ 6 rdehas aes 
12, |13.7977 |26.4350 |— 14| 1.6 | 1.8 | 40 41 49.99|— 5 19.54, + 7|— 48|-101 7 22.91 
I 1] R [26.4970 |11.3890 |—144| — ‘5 | — .1| 40 42 43.56/— 619.8814 9/— 9|-13]|8 23.68 | 43.1 
9|  |aa.5570 |18.1473 |— 14)— 1| 4+ .4/403431.93/4 151.52; 38/+- 3/4 4/9} 2268 
8| 27.8083 [13.8803 |4108| 42.3) + 13/40 42 15.57|— 5 52.39} 4+ 8|+ 41|-10| 6 23.63 
4) |18.7597 |21.9597 |-+ 11] +2.0| +2.0 | 40 37 43.68|— 120.98|+ 2/4 58\—3|7 23.39 (44.4 
5) |16.1647 |24.8447 |4+ 38| 41.8| +1.9 | 40 82 48.63/4 389.55, 5|/+ 58/4 7| 7 23.80 
6| |28.4480 {16.3163 — 8/—1.2|— .2|403828.18|4 8 029; 4/— 22/4 5| 6 23.27 
7 |27.1667 |11.3977 |-101| + .6| + .4/4043 187\- 638.42; 4+ 9|4 14/12] 7 23.63 
8} 23.6860 [16.8810 |4+ 18) + .5 | +1.5 | 40 33 0.98/+ 252.00; 4/+ 27/4 5/6 23.41 | 43.6 
9| |ee.e813 |az.st07 |~ 11|— .2|— 2/40 8897.10/- 2 498/+ 38/— 5-4/7 22.73 | 
Nov| 10/ | 9.8563%/31.2167"\4 3/— :9|— 15 |4027 9.14/+4 9 12.69| +1.32|— 9/|+20] 9 23.35 |43.6 
2 |IV 1 D (20.7668 [18.5887 |— 6 .0|4 .7/403717.68\— 55.19/+ 1/4 9/— 2113 22.70 56.1 
2) (18.9853 [20.6827 |— 1/41.2|/ 4122/4037 4e1/— 4291/4 1/4 47|—1|11 22.48 156.7 
3} {11.6980 |27.5058 |— 56+ 4) 0/40 29 43.31/4 6 39.50; 9|+ 6\412/7| 22.97 
4 pe.ne77 [16.7140 \— 21| 44.7|+4 1/4038 48,96|— 296.934 3/4 20/5/10} 22.40 
5| [11.0477 H)a7 04884 49] 1 (9 |— 11 | 40 29 81.60|+ 6 49.69] 11.95|+ 1(+12| 6 22.83 56.4 
jf 6]  /29.4847"10 8627 %|\— 2) 1.5 | + (3 | 40 28 30.73 |+ 750.80] +1.83|— 20|113| 5 22.84 155.9 
Nov| 7 |12.30274/36.5163%|4 32) +1.9 | — .1 |40 30 21.51 /-+ 5 59.43| 41.36/+ 29/410|6| 99.75 154.5 
B/E 1 R 13.7553 (28.7800 4176 + .2|— .6| 40 42 43.73 6 20.30| + 9/— 4|-13/8| 28.48 |46.2 
2} [17.2840 la1.7120 |— 20/— .9|— .4 40 34.81.37 + 1 s1.90/— s|— t9l¢ 4/9] 28:8 
3) 18.3600 27.3228 |-4+ 42) +1.0| +1.7 |40 42 15.71\— 553.11/+ 8|+ 387/-10/6| 2301 
4) 22.5883 19.4120 |+ 28] 4/4 1/40 3743.79|— 120.87/+ 2/— 5|- 38/7] 98.43 |46.7 
5| |24.5887 |15.9013 |+ 19] 1.0 | — .1 | 40 32 43.74/4 339.69/— 6|— 17/4 7/7} 93.35 | 
6 15.7460 23.8783 |— 13 8 | —1.0 | 40 33 23.19|+ 3 0.29|— 4|/— 25|/45/6| 23.30 
| | 
7 |12.0590 27.8020 |— 10] —2.1| +1.2|40 48 1.90|— 637.99} + 9|— 19/42] 7 23.76 | 46.5 
8} [17.2560 [24.0753 |+ 40] —.0|— (9 | 40 38 30.95/4.252.51;— 4|/— 11|+ 5] 6 23.42 46.2 
9) [17.6777 -\22.5768 |4 7] —1.0| 1.1 | 40 88 27.06|— 2 3887/4 8/— 30\—4|7 22.95 
Nov| 10]  |32.5880'/10.7517%/+ 27/4 .6| 41.6 | 4027 9.08|+ 91214| 41.32|+ 29/420/9]| 93.19 1463 
4 |IV 1] R 20.4897 |22.6463 |+ 29] 44.7|—1.2|408717.77/— 5460/4 1/4 15/—2\18| 28:44 |46.9 
| . | | | | j 
2] 21.8980 |19.7500 |+ 7] — .9|—1.2/4037 491/— 4156/+ 1/— 290/111 23.17 
3} [26.7297 |10.9213 |—164| — 2| + .3| 4029 43.45|4 639.26; 9/4 1/412] 7 22.82 
4) [16.4310 |22.9503 |— 35|— .3|— .1|40 38 49.12|— 227.044 8/— 6|— 5|10 22.10 | 48.2 
5|  |28.0560'" 11.8433 54 1) — 4 | — (2 | 40 29 31.79|+ 6 49.90| +1.80/—- 9/412] 6 23.08 
6} |10.9720%/29.5777"— 2 +2.9| 41:3 | 40 28 30.95 |+ 750.39| +1.98| + 52/418] 5 23.32 | 47.4 
} 
7] |28.1050%/18.8593|— 53: —1.0| — .6 | 40 3021.75 /+ 6 0.03| +1.31/— 93/410/6|) 23.02 
8) [12.2180 |28.9467 |+ 84 — 5 | +1.0|40482658|— 7 °3.28|1 10/4 4/-13|7| 93.38 
9] (21.4627 |17.4790 |— 19] + 13] 12/4088 429|- 140.67/+ 2/— 10/— 4/11 23.61 
10} [24.7540 |14.8657 |— 16 4+ (9| + .4/404033.20|- 4 9.96/+ 6/4 19\— 7/6 23.48 | 46.5 
11) /88.6510") 6.66475/+ 10 —1.4| — .6 | 40 24 59.94/411.22.30| +1.24/— 80/420/6| 23.44 |47.0 
Nov| i2| [14.3747 lov.oso7 |_ of — .4|—1.9| 4041 48.41 |— 5 20.68/44 7|— er -401 7 
6 |E 1] D)27-2807 [12.1557 |— 45| + (3/4 °3| 40 49 44.05 |_ 621.2414 9/4 9 (18/8 9.04 (38.4 
2| 21.7817 17.3487 |— 17] 3.0 | 1.3 | 40 34 31.65 |+ 152.03; 3|— 65 |4+ 4/9 93.13.| 
3} 27.7473 |13.8110 |+ 95| — .6 | —1.7 | 40 42 15.98 |— 5 52.58| 4 8|— 31 |—10/ 6 23.13 |33.1 
4) [17.6000 [20.8080 |— 23 —1.6|— .2 4087 44.03|— 121.054 9|— 28\— 3/7 22.76 | 
5) |15.0730 /28.7487 |— 44\ +4.7| 41.4 | 40 82 48.95 39.10) — 

Nov| 6) [28.6417 [16.5170 |4 5 '3|2'1|4oasase7(4 8 o1d/— 4/2 iad slo 844 | 
10 | 1 R 13.0773 (28.1760 |+ 84! +2.9| 42.7 | 40 42 44.32|— 6 21.9411 9/4 81/13] 8 23.23 |34.3 
2) 18.8190 [22.7087 |4 19] 41.4] 11.0 |40 3431.87|4 151.03} 3/4. 35/4 4] 9 23.35 
3) |18.6187 27.5907 |+ 74/+ 8] .0| 4042 16.92|— 553.43/4 $/+ 13\—10] 6 22.96 
4) |21.5843 [18.3687 — 3! —1.4| 9.1 | 4037 44.18|_ 120.1 Pe a}— 49 3| 7 23.57 
5 25.0777 16.4047 | 59 —3.2 | —1.1 | 40 82 44.09 |4+ 339.41/— 5/— @5|4 7/7 22.94 (33.9 

4057 |— 71) 41.7 | +2.4 | 40 33 23.48|4 259.35) 4/4 57|4.5/6] 28.47 |33.5 
7] [27.8480 |12.0808 | 4) — 1|— 4/4043 2.12|- 638.41) 4+ 9/— 6112/7 23.69 
8| 28.3020 |16.5067 |— 7]/— 1| .0/408331.03|4 251.781 4|— 1 |+ 5 6 22.87 |33.4 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 1S 


ony ss Levels. Corrections. | Ee 
. | Star. Micrometer. ! = = 1 fi | Latitude, 7a 
is 9 A B aoc d ) Micrometer. fn) 1 r | Mer) “4 OEIC 
Nov Wee I | Qo feo O 
10 |L 9) R |22.8240 |1'7.4157 |— 6 0} + .2 | 40 38 27.06 |— 2 4.08) + 38)/+ 2|— 4| 7 |40 36 23.06 | 
Nov 10 9.2200 131.0860*| 1)| — .2|—1.2|4027 9.00)+ 9 12.83) +1.27|— 18/+20) 9 28.21 | 38-5 
11 (LV 1) D /21.2637 19.1007 j/-- 7 + .1)— .1)4038717.77|\— 54.70; 4+ 1 0 |— 2113 28.19 |35.8 
2 LOOM Oot. == 45) —o (Oe 403% 4.98 = At Aa ft) oe 98 1 11 22.92 
3 11.6877 |27.4987 |— 56) + .5 | — .8 | 40 29 43.60 |+ 6 39.60 9 2 12) 7% 23.28 |35.1 
4 22.7637 |16.97838 |— 5] —1.2|— .8 | 40 38 49.36 |— 2 26.26)+- 3)— 29 /|— 5/|10 22.89 
5 12.5017 428.7147" 20) — .7 | —1.3 | 40 29 32.10 /+- 6 49.85] +1.23 | — 28 |+12)] 6 23.08 | 35.0 
6 29.7333 /11.113807;— 4) —2.2 | — .8 | 40 28 31.86 | 7 50.75 1:21 45 13] 5 28.05 
%h 13.6917 #/27,.9223'"\— 42) —1.1 | —1.4 | 40 30 22.21 |+ 5 59.68) +1.24|— 385 +10 | 6 22.94 
8 29.9005 |13.1797 |--224| — .6 | —1.5 | 4043 27.10 |— 7 3.30) ++ 10)/— 28 |—18) 7 23.56 | 34.7 
9 17.5693 |21,5833 |— 16) —1.8 | —1.5 |40 388 4.86 |— 1 41.44] 4 2);— 48 |— 4/11 23.03 
10 15.4727 |25.3803 |+ 37| —1.1 | —1.1 | 40 40 33.90|— 410.58|-+ 6/— 38|— 7/6 23.384 | 34.9 
11 6.9240 133.8768 24) + .2| —1.4|40 25 0.68 |-+-11 21.48] +1.17| — 14/+20] 6 23.45 
12 25.7833 |13.0737 |— 61) — .7 | —1.3 | 40 41 44.19 |— 5 21.17) -++ 7) — 28 |—10|*% 22.78 |34.3 
Ld) 127-0730) 119.0007 |— 61) -— (5). > 22) | 40 42 44.85 |— 6 20.911) + 9 + 10 |—13) 8 28.58 | 30.6 
P 20.9597 |16.5427 I— 50) —2.2 | — .6 | 4034 31.89 | 151.55|— 3$|— 42/4 4) 9 23.12 
3 28.4080 |14.4707 |+-17 + .6|— .8 | 40 42 16.24|— 552.81; 4+ 8);+ 5 |—10| 6 23.52 
4 18.2120 |21-4083 j= 6)—- .8.) -- (17) 40°37 44 22— 1 20.79' + 2) + 3|\— 3| 7 23.55 
5 15.2613 |23.9523 |— 29] +1.5 | — .1 | 40 32 44:09 | 3 39.66/— 5|+ 22/4 7| 7 24.06 | 30.6 
6 23.6273 [16.5150 |+ 38] -+ .9 | +1.4 | 40 33 23.48 |4+ 259.82;— 4 3 \-+ 5] 6 23,40 
i PRUSS aE Soo 00) —— Gur NADAS OMT 1g 88901 se Os} B71 |) 7 28.49 
8 16.6030) 3123:6363 \=— 15) — 26) — 78) 140 33.30.99 |= 252.80) —. ss « 4 | —=. 80 |-+- 5) 6 23.66 | 30.0 
9 18.7017 |23.5843 |+ 50) —1.8 | — .9 | 40 38 27.01|— 2 3.57/+ 3}|-- 40|—4| 7 23.10 |30.4 
Nov 10 31.4850*| 9.6107 #|/-- 7) —1.7 | —1.4 | 40 27 8.95 + 9 13.05} +1.20|— 45 |+20) 9 23.04 | 30.4 
Tom Vvetie OO OotOmmecelos ase = Oto h40S7 tel == 54.72) 2) —— 9 6 | 2118 23.16 | 31.3 
2 PlGSO! 95149 =) By 21.3) 21-8 4037 90:02) 49.57) - 1) + 43 111 22.99 
3 27.2703 |11.4680 |— 88} —1.3 | + .4 | 40 29 43.65 /+ 639.30|;— 9 16 |+12| 7 22.89 131.6 
4 18.0183 |28.8267 |+ 47) —1.1/ +1.4 | 40 88 49.42 |— 226.97|+ 38 0 |— 5/10 22.53 |31.1 
5 28.5250)12.3287 #|— 13) (1.1 .0 | 40 29 32.17 |+ 6 49.45) +1.23 | + 18 |4+12| 6 23.21 
6 10.4337 #/29.0503'/+ 2] +-2.1 | +1.1 | 40 28 31.44 |+ 7 50.67) +1.21|-+ 48/418] 5 23.98 | 30.3 
7 26.3967 7) 12.2057 #4 37) + 6) + .7 | 4030 22.30 |+ 5 58.87) +1.24/) + 17 |+10) 6 22.74 
8 12.6580 /29.4057 |-+-149) +- .2 | +1.2 | 40 43 27.19 |— 7 3.92;+ 10/-+ 18 |—13| 7 23.49 
9 20.8023 416.7767 |— 44 -+2.0) + .1/4088 4.96|— 141.67;4+- 2/+ 384 |/— 4/11 23.72 
10 24.8117 |14.9127 |— 12 .0 | — .2 | 40 40 34.02 |-—-4 10,24) + — 2\—7| 6 23.81 |30.8 
11 33.3970'| 6.4717 #]— 8) —1.0] — .1|40 25 0.81 /4-11 20.73) +1.17| — 17 |-+20| 6 22.80 | 30.7 
Nov 12 14.5000 /27.2057 |+ 93) + .8|-+ .1/4041 44.42 |\— 5 21.46/+ 7/+ 6)|—10| 7 23.06 
15 |1V 1/ D |20.8310 |18.6548 \— 6 3) .8|40 3717.93|— 56.02;+ 1/+ 9|— 2/18 23.12 | 43.7 
2 20.7923 (21.4750 |4 6 17 1.7 | 40 37. 5.16|— 42.56)/+ 2/+ 49|— 1/11 23.20 
3 11.2847 |27.0710 |—114 2.7 | +1.6 | 40 29 43.83 |+ 6 38.838; — 5|+ 63 |4-12] 7 23.48 | 43.6 
4 22.3940 |16.5687 |— 26) + .8) — .1 | 40.38 49.64 |— 227.21; + 2/+ 3/ 5/10 22.53 | 42.9 
5 11.8947 §/28.0787% 0} + .1 | —1.0 | 40 39 22.41 |4+ 6 49.17; +1.27} — 11|+12] 6 22.92 
6 29.59331/11.0147 1) 2) — 56) + .3 | 40 28 31.72 |+ 749.71) 1+1.26)/— 4/418) 5 22.838 
a 13.6603 #/27.8397*"|— 40} +-2.0 | +1.6 | 40 30 22.60 |+ 5 58.39] +1.27]-+ 52 |-+10| 6 22.94. 
8 28.4897 |11.6977 |+ 138) +1.5] + .8|40 48 27.53|— 7 4.56)+ 5/+ 384 /—13] 7 238.30 
9 17.2520 |21.3123 |— 28) 4+ .5|-+ .5|40388 5.82/— 142.58)/+ 1/+ 14|/— 4/)11 22.96 | 44.0 
10 15.4167 (25.8693 |+ 35) + .4/ +1.1 | 40 40 34.43 /— 411.71] ++ 3)-+ 20|— 7| 6 22.94 
11 6.8280 #/33.'7553i¥|- 16] — .6 | — .2|40 25 1.22 )111 20.82} +1.23|-+ 7/420) 6 23.60 | 43.6 
12 26.6400 |18.8987 |-+ 28} + .5) + .5 | 40 41 44.76|— 5 22.20; + 4/+ 14/—10| 7 22.71 
I 1| R (13.1490 (28.2887 |+ 93) +-2.0 | 11.7 | 40 42 44:58 |— 6 21.74] 4 5} + 54 13| 8 238.38 | 42.9 
2 18.7520 |23.1777 |+ 37) — .2| — .1| 40 34 32.06 |+ 151.99; — 1)/— 3/]/+ 4| 9 24.14 | 42.8 
3 12.2103 |26.1987 |— 98) — .3 | +1:9 | 40 42 16.41 |— 5 53.41;+ 4/-+ 19 |—10| 6 23.19 |. 
4 21.7830 |18.5880 |+ 5) + .7| — 5 |40 37 44.34|-— 120.79; + 1)/+ 5/|— 3) 7 23.65 | 41.8 
5 24.8183 |16.1600 |+ 35) — .4/| +1.2 | 40 32 44.13 |+ 388.99}-— 3)+ 8/4 7/7 23.31 
6 16.5420 |23.6563 |+ 7) + .3| -— .1 | 40 83 23.51 |+ 259.88; — 2/+ 3/4 5| 6 238.51 
8 — 2/4 2 4+ 252.79] — 2 0\4+ 5/6 [ 


23.4813 |16.6500 a 5 tie 33 380.82 


THE SAYRE OBSERVATORY. 


Levels. | Corrections. 
i i ier a aoe es KO’) | 

1894. | Star. | P Micrometer C z a 4(0 + 0/) Ke Fedenk 3 1 -* hae 

Nov | @O fe 
15 |I 9] R 21.8740 |16.4710 |— 47 .O} + .7 | 4088 26.86 |— 2 3.84/4+ 2) 9F—4) 7 
Nov} ~ 10 9.0500 * 30.9247 1" 0} +1.1 | +1.2|4027 8.74/+ 9 18.04) +1.25]-+ 33/420) 9 
16 |IV 1] R [20.4010 |22.5993 |+ 28] +1.8 | -+1.8 |} 408717.95/— 55.65}4+ 1/-+ ot /— 2/18 
3 27.8218 |12.0550 |— 10] +2.2 | +1.7 | 40 29 43.87|+ 6 38.58) — 5|+ 57/412) 7 
4 17.0410 /22.8723 es 1| + .5 | +2.1 | 40 88 49.70 |— 2 27.48) + °2|)-+ 34/— 5/10 
5| (27.9038 |11.7517 ++ 6) +1.2 8 | 40 29 82.48 |4. 6 48.36; +1.27| + 29 |+12) 6 
6} 10.4210 429.0293! 2) +2.0 | .6 | 40 28 31.80 |+ 7 50.47) +1.26 | + 40|+-13) 5 
W| 127.124'75/12.9317 4 0| —1.9 | — .2 | 40 30 22.69 | 5 58.83; +1.27 | — 33 |+10| 6 
8| 12.0507 |28.8270 |+ 62] —1.9 | — .5 | 40 43 27.64 |— 7. 4.30; + 65)]— 37j—13) 7 
9) 21.9483 |17.9087 |\— 3) -+ .1 Po .5 | 40 38 5.48 n 142.12;-+ L1)/— 3) 4/11 
10 24.6363 |14.6963 |— 30) +1.0 | .0 | 40 40 34.56 |— 411.28}-++ 3|+ 16|— 7] 6 
| 11) |38.9'737%%) 7.0647%/4- 31] + .1 | .0 | 4025 1.36 |+11 20.40) +1.23|-+ 1420) 6 
| 12 \14.2290 |26.9187 |+ 55} —1.3 | —1.6 | 40 41 44.90 |— 5 20.96; -+ 4|— 41/10) 7 
I 1) D 27.460% |12.3677 |— 10) —2.4 | —1.9 | 40 42 44.68 |— 6 21.56] + 5|— 63 |—13| 8 
| 4 |20.2030 15.8040 j— V7) + .8| +1.8 | 40 34 32.15 |+ 151.02) — 1)/— 3/4 4/9 

| gt 
3 |28.7493 |14.8223 |-+217| + .2] — .5 | 40:42 16.50 les 5 52.66, + 4/— 3\|—10| 6 
4; |17.6100 |20.8277 |— 23) — .6| — .7 | 40 37 44 41 |— 1 21.29; + 1)— 18/— 3) 7 
5 /15.3030 |23.9753 |— 27|/ + .2| + .5 | 40 82 44.21 |4 339.19) — 38/-+ 9)4 7| 7 
6 /22.9240 /15.8050 |— 41) —1.7 | —1.5 | 40 33 23.56 |+ 259.88] 2|— 46|+ 5| 6 
7 R 11.4518 (27.1937 |— 94) —2.0 | —1.5 |}4048 2.12|— 6 87.77| + .5|— 52 |—12| 7 
8 16.0870 |22.9183 |— 380) +1.1 | +-1.2 | 40 33 30.89 |+ 252.51;— 2)-+ 33/4 5| 6 
Nov 10 30.8757 i"| 8.9823|— 0) —1.3|— .4|4097 8.73|4 9 18.52] +1.25.|— 26 +20) 9 
19 |[V 1; D 21.0467 |18.8643 — 1} .O| + .2|403717.91|\— 55.17) + 1/+ 2/— 2)18 
2| . |17.2200 |18.9160 |— 30) + .7|+ .5|40387 5.17; 42.80) 4+ .1)/+4+ 18/—1)11 
3| 12.3730 |28.1747 |+- 37) — .1 | —1.0 | 40 29 43.88 |4- 6 39.60) — .5|— 14|+12| 7 
4 [22.2847 (16.4617 |— 34) + .2 .0 | 40 88 49.76 |— 2 27.18} -+ 2)/+ 38/— 5]10 
5 12.6187 */28.7783'¥,— 24 .0| + .8 | 40 29 32.56 + 6 48.49) 41.27) + 10 |+412] 6 
6) |29.7780'"|11.2200%/— 4) + .8) +2.2 | 40 28 31.94 |4- 7 49.18] +1.26] + 32/413) 5 
7| —|12.29401#/26.4623'*|+ 32] 11.6 | 41.4 | 40 30 22.86 |+ 5 58.29/ +1.27|+ 48/410] 6 
8 29.7443 |12,9443 |-+198) + .5) + .4/ 40 43 27.938|— 7 5.24)/-+ 65)]-+4 13 |—13| 7 
9| 17.2573 /21.8580 |— 27) +3.0 | +2.1|40 388 5.68/— 143.48) ++ 1)+ 75 j|— 4/11 
10) 15.4523 |25.4437 + 34 (0) — .2| 4040 34.86|— 412.70; + 8|/— 2|—7| 6 
11) 6.7777 1133.6613i"\4- 13) + .3 | .0 | 4025 1.68 |4-11 19.71/ +1.23/-+ 5 |+20| 6 
12 25.5090 |12.7457 |— 97 .0) — .38 | 40 41 45.26 — 5 22.44) + 4/— 4)|-10| 7 
[I 1) R {12.9630 |28.0240 | 62) —1.0 | —4.5 | 40 42 45.04 |— 6 20.93} + 5/|]— 72 |—13] 8 
2} 18.3697 (22.7830 | 22) —3.3 | —5.0 | 40 34 32.47|4+ 151.63} 1/|—1.16|+ 4| 9 
3} 12.8100 |26.7757 |— 27) —1.9 | —1.5 | 40 42 16.83 |— 5 53.02} + 4/— 49 |—10) 6 
4 22.5567 19.8610 |+ 27) — .7 | —2.0 | 40 37 44.70 |— 1 20.86} + 1|— 36|— 3/7 
5) 24.5150 /15.8553 |+ 14) —1.5:| + .1 | 40 32 44.46 /+ 3 38.97) — 8 22 |4+ 7). 7 
6} {16.8307 |23.4477 |— 9+ .5 | —1.8 | 40 33 23.79|+ 259.92; 2)/— 8|+ 5/6 
| 

7) |12.5173 |28.2753 |+ 54| —1.9 .0 | 40 43 2.31 |— 6 38.538) + 5|— 31/12) 7 
8 17.8997 |24.2383 |4- 50) —1.2] — .1 | 40 33 81.01 |+ 253.02; 2|)— 21/+ 5] 6 
3 18.3443 /23.2617 |+- 34] +1.0| +1.8 | 40 88 26.95|— 2 4.41)+ 2/4 388/— 4/7 
Nov; 10 31.1050") 9.2247%)+ 1) 1.8) — .4| 4027 8.58/4 9 13.19] +1.25|— 34/420] 9 
20 |[V 1/R (20.5257 |22.7080 |-+ 380) +3.2) +1.8 | 408717.85|— 65.25)4+ 1/+ 74\— 2/18 
2 21.3423 (19.6723 |+ 5) + .7/+4 5/4037 5.12\— 42:23;4+ 1)+ 18/—1)11 
3 27.7907 |12.0060 |— 13) — .9| + .1 | 40 29 43.85 |+ 6 39.04/— 6|— 18/412] 7 
4 17.4393 23.2670 |+- 16] —1.4 | — .3 | 40 38 49.75 |— 2 27.88) + 2)— 26 |— 5/10 
5 28.5177" 12.3107 *'— 13) —1.8 | —1.0 | 40 29 32.55 |+ 6 49.72) 11.27; — 41 |+412] 6 
6 (11.3927 %)29.9837*77— 8] + .6 .O | 40 28 31.95 |+- 750.00} +1.26/4+ 9/4138) 5 
7 26.8103'¥/12.6323/4 16) — .1| + .4| 40 80 22.88|+ 5 58.49) +1.27/4+ 38/410] 6 
8 12.6360 /29.4023 |4-146)— .8| + .4| 40 43 27.87|— 7 4.26 4 5|— 8|—13| 7 
9 22.0370 [17.9927 [+ 1] —1.0|—1.6 | 4088 5.72|— 1 42.25; + 1)/— 86|— 4/11 
10 24.9803 {15.0413 |—104 .2|— .6 | 40 40 34.91 |— 411.02; 4+ 38|/— 10|— 7| 6 
iat 34,7383" 7.8453 4/41. 79 — 8 | + .2|4025 1.75 |+11 wei +1.23|— 2)|+20) 6 


Latitude. 


oy ie 
40 36 23.16 


23.65 
22.93 
23.16 
22.68 


22.58 
24.11 


23.5 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Latitude. 


—10) 7 40 36 23.33 


Levels. Cor rections. 
1894. | Star. | P Micrometer, Cc 2 4(d -+- 0’) TayeT i € ear 
A B Micrometer. é I ie Mer! 
Nov | 
20 |[V12) R |14.5637 |27.2717 |+100) —1,3 | —2.2 40 Ay 45. 34 — § 21.54| + a — 48 
21 ITV 1! D |20.69387 |18.5887 |— 7| +1.4) +1.0 | 40 37 17.79 |— 54.47) + 1}+ 85} 2118 | 
2 20.4887 (22.1210 |+ 17/— 1|+ .9|/4037 5.07\— 42.58/+ 1/+ 9/— 111 
3 11.8557 |27.6553 |— 34] -+1.1 .0 | 40 29 43.80 |+ 6 39.86/— 5)|+ 18 |+12 | 7 
4 22.3893 116.5407 |— 28) +1.9})-+1.3 | 40 38 49.72 |— 2 27.80) 2 47 5/10 
5 12.8380 #|29.0363!"\— 82) —1.1 | — .3 | 40 29 32.53 |+ 6 49.45) +1.27 | — 22 1-12 | 6 
6 30.07837"|11.5077 4|— 8] — .2| +1.8 | 40 28 31.94 |+ 7 49.49) +1.26/ + 19 |+13] 5 
7 12.9507 #/27.1100!7)—- 1) +2.8 | +2.0 | 40 30 22.88 |+ 5 57.98} +1.27 70 10| 6 
8 28.4823 111.7103 |+ 13) + .1)— .4| 40 43 27.89|— 7 4.07; + 5|/— 3 \—13) 7 
9 18.0480 (22.1163 |{ 2)+2.0)-+ .7/40388 5.75 |—142.86)+ 1 41 |\— 4)1l 
10 14.8923 /24.8623 j— 10) + .1|-+ .6 | 40 40 34.96 — 412.04, + 3/4 9/7) 6 
11 7.7377 "/34.6267i4/ 71; + .8| — .4/ 4025 1.80 |4-11 20.00) +1.23 0 |-+20| 6 
Nov; 12 26.9027 |14.1680 |+ 58) —1.2 | — .5 | 40 41 45.40 |— 5 22.24/+ 4/— 26 10 7 
22 11V 1) R |18.5247 .|20.6963 |— 7) +2.6) + 8/4037 17.73/— 5489) + 1)+ 52/— 2/138 
2 21.0620 |19.4100 |+ ~ 2} —1.1 | —1.4/}4037 5.02/,— 41.77) 4+ 1/— 35/— 1/1 
4 17.5913 |23.4160 |-+ 26) + .8 | +1.1 | 40 38 49.69 |— 2 27.3838/ + 2 fae ot 10 Ih 
5 28.0037") 11.8363 #/+ 2) + .4|) + 140-29 32.53 |+ 6 48.75) +1.27 | 818 6 
6 10.7070 #)29.2763'"|+ 0} +15 | +1.6 | 40 28 31.93 |+ 7 49.47) +1.26|-+ 44/418) 5 
a 26.8330%"|12.6617 4+ 15) — .2-| +1.0 | 40 30 22.88 |-+ 5 58.32) +-1.27 | + 9 |-+-10 6 
8 12.7247 (29.5148 |+-162 0} + .3 | 40 43 27.90 |\— 7 4,89; + 5) - AN NS Wey 
9 23.5563 |19.5027 |+ 55) — .9 | —1.4| 4038 5.78 |— 1 42.62);+ 1)/— 382/— 4)}11 
10 25.2908 |15.3170 |+4- 26) +2.1 | +1.0 | 40 40 35.00 |— 412.21;+ 38/4 46|— 7| 6 
11 33.7206'"| 6.8087 4)-+ 15, — .6| — .6 | 40 25 1.85 |4-11 20.42) +1.23 |— 16 |+20) 6 
Nov 12 14.3287 |27.0830 |+ 78| — .2| —1,3 | 40 41 45.45 |— 5 22.66; + 4]— 19 |—10/ 7 
94 II ~1) D 126.9583 |11.8360 |— 80) —1.4 | —2.2 | 40 42 45.45 |— 6 22.12) + 5)|— 50 /|—13/ 8 
2 22.2800 |17.9163 |-= 4) --1.1 | -++1.1 | 40 34 32.83 /4+ 150.88; — 1.)-+ 32)\4+ 4/9 
3 27.6900 |138.7113 |+ 86) — .2|-+ .1 | 40 42 17.21 |\— 5 53.63} + 4}/— 1 /|-10| 6 
4 18.3613 |21.6080 |— 2) —1.1 | — .5 | 40 387 45.02 |— 1 22.08; 4+ 1};— 24|— 3/7 
6 23.7293. |16.6347 |-+ 12) —1.3 | — .4 | 40.33 24.05 |+- 259.40) —  2)/— 26/4 5| 6 
i 27.8870 |12.09138 |— 2) — .7| — .4|4048 2.52/\— 639.385) + 5/]— 16 |—12| 7 
Nov) 8 28.1597 (16.8450 |— 17) + .8 | +1.9 | 40 33 31.13 |4+ 252.25)— 2)+4 82)+ 5| 6 
26 |LV 1] D |20.8280 |18.6757 |— 5) -+ .6)-+ .8/403717.59|— 5440/4 1/+ 13|/— 2/13 
2 18.7050 (20.3593 |\— 6 0|— .2/4037 491|\— 4181/4 1;/— 2\/—1]11 
. 3 13.0088 /28.8123 |+-125) + .8| — .5 | 40 29 43.66 /+ 639.88; — 5)— 1/-+12)/ 7 
4 23.3680 |17.5610 |+- 22/— .8| — .4| 40 88 49.66 |— 2 26.87) 4 Ol CTS as 5 10 
5 12.0317 #/28.2287iy,\— 3) —1.2 | —1.7 | 40 29 32.47 |+ 6 49.49} 41.27] — 41 j|+12] 6 
6 30.338231"|11.7713 #|— 13} +2.0 | +15 | 40 28 31.95 |4 7 49.23) +1.26| + 51 j413] 5 
vi 13.6867 4/27.8743'|— 42) + .9| + .2 | 40 380 22.93 |+ 5 58.59) +127) + 12)410) 6 
8 28.3207 (11.6277 |— 138) -+ .4| — .8 | 40.43 28.00 \— 7 4.58)4+ 5/— 4\|-—13] 7 
9 18.9810 /23.0493 | 386) + .2 .0|4038 5.94/— 142.95). 1)/+ 38)—4)11 
10 15.1783 /25.1853 |-- 14) — .7| — .1/40 40 35.18 |— 411.90; +. 38|/— 13\|— 7) 6 
11 7.2520 434.1707!) 43) —1.8 | —1.8 | 40 25 2.06 |+-11 20.68] +1.23|— 51 |+20) 6 
Nov 12 26.9593 |14.2100 |+ 63) — .3 | — .6 | 40 41 45.70 |\— 5 22.40; 4 4]/—.12|—10/ 7 
27 |TV 1| R |20.6747 |22.8660 |4 34) +1.4) 11.5 |4038717.58/— 55.49) + 1/4 41 |— 2/18 
2 21.6617 |19.9877 |+ 11) -+ .4;+1.5/4037 4.90|\— 42.35)4+ 1)+ 25/— 1/11 
3 28.2627 |12.4797 |+ 48) — .1/-+ .1 | 40 29 43.66 |+ 639.15; 5|/— 0 |-+12) 7 
4 16.4277 |22.2807 |— 34; +1.1|-+ .5 | 40 38 49.67 |— 227.89) + 2)-+ 24|— 5/10 
5 28.7120'7/12.5610#|— 22) + .8| + .7 | 40 29 32.48 |+ 6 48.27/.11.27) + 22/412) 6 
: 6 11,0093 41}29.5523'|— 2) 12.5 | +1.1 | 40 28 31.98 |+ 7 48.80) 11.26) + 54/413) 5 
4 27,'75'73 17) 13.5943 #/— 36) — .9| + .3 | 40 80 22.96 |+ 5 57.98) +1.27 | — 10 /+10) 6 
8 12.4017 (29.2143 |+116) + .4) -+ .3| 40 48 28.04 |— 7 5.385)+ 5)-+ 10|—13/ 7 
9 /22.4877 |18.4293 |+ 16) +1.6|+1.5 | 4038 6.00 |— J 42.65)-+ 1)/+ 45\|— 4/11 
10 25.2593 |15.2620 |+ 22) +1.3) + .5 | 40 40 35.25 |— 412.81;/1+ 38/+ 27/— 7|-6 
11 33.33371"| 6.45874/—. 8 +1.2 | +1.2 | 4025 2.14 |-+11 19.44) 11.23) + 34 |+20) 6 
12 be 27.0530 |+ 74, — .6 | — .8 40 41 45.78 — 5 22.59 + 4,— 12),—10, 7 
* Hurried, 


23.79 |% 


22.69 
23.48 


22.46 [3 
23.21 | 


23.06 
22.99 
23.78 
23.38 
93.03 


93, 29 
22.91 


23.48 | 


23.01 
22.70 


22.81 | 


23.28 
22.72 
23.04 


23.10 


23.17 
23.72 
23.10 
22.62 
22.91 


22.95 
22.09 
22.42 
22.76 
22.27 


22.78 
23.88 
22.78 
23.41 
23.08 
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Levels. Corrections. 
189. | Star. | P Micrometer. OC | =] - ae Heanor) ; Latitude. 
A B Micrometer. fo) ZT r |Mer 
Nov Oe On ate Wt 
27 | 1] R |18.1997 |28.3063 |+100| 4+ .4 .0 | 40 42 45.60 |— 6 22.18) + 5;+ #£6|—13; 8 |40 36 23.48 
2 (17.2260 |21.5887 |— 25! — .5| + .1 | 40 34 82.95 |4+ 150.24;— 1 |— 6|-+ 4] 9 23.25 
Nov 3 18.0837 |27.0707 |+ 9, — .5 | —1.1 | 40 42 17.35 |\— 5 53.65) + 4/— 22 |—10) 6 23.48 
28 |TV 1) D |21.6647 |19.4820 10| +1.0| + .6|403717.57|— 55.21; + 1/+ 23 |— 2/138 22.71 
2 19.6687 |21.3497 + 6 |. 0)4087 489|\— 42.51)4+ 1)/— O}— 1]11 22.49 
3 112.6363 |28.4220 73| 2 sl 40°29) 48165 j2= 639128) ==) Sb SSeS e oie 23.08 
4 21.6667 |15.8277 |— 64; + .3)|-+ .5 | 40 38 49.68 |— 2 27.46) + 2)-+ 11)|— 5/10 22:40 
5]. 11.0777 #127.304757|4 28] 13.5 | +2.7 | 40 29 32.49 |+ 6 50.33) 11.27] + 90 |+12) 6 [25.17] 
6 29.71472%)11.1400#/— 3 -O | +1.1 | 40 28 32.01 |+ 7 49.60/ +1.26| + 14/413) 5 23.19 
7 112.8593 #|27.0350%)4- 1) 2.0 -8 | 40 30 23.00 |+ 5 58.37/ +1.27/-+ 42|+10| 6 23.22 
8 128.3753 |11.5720) |= | == i 5 40439809) ye ASF ede any 23.18 
9} /19.7630 |23.8480 /+ 65) —1.1] + .1/4038 6.06 |— 1 43.36} + 1)— 16 |— 4]11 22.62 
10} 14.8387 |24.8873 |— 3) — .2| + .7 | 40 40 35.33|— 412.75; 4 8)4+ 6\— 7| 6 22.66 
11 | 7.3597 4/34.2490*|— 49) +1.2 | — .8|4025 2.22/+11 19.95) +-1.23 9 |20] 6 23.75 
12 126.5347 |18.7597 - 17 +2.6 | +1.9 | 40 41 45.87 |— 5 28.02) 4+ 4 be 66 |—10| 7 23.52 
Nov | 
29 |TV 1| R 20.7197 [22.8857 |+ 34 .0O|— .7|403717.54/— 64.85) + 1)/— 9/— 2/18 22.72 
| 2 (21.5377 |19.8917 |4 9) +1.0|— 1140387 4.87/— 41.6444 1|)4+ 14])— 1)11 23.48 
3} (28.4770 |12.6757 |+ 71) — .5| + .4/40 29 43.60|+ 6 39.67,— 5|/— 38/4127 23.38 
4 \17.2020 /28.9917 |-+ 35; —2.1 | —1.4 | 40 38 49.68 |— 2 26.47/ + 2/— 51 I— 5 |10 22.77 
5 128.5883*¥/12.4117 4 17] + 4) + .9 | 40 29 32.50 + 6 48.94) 11.27) + 17 |412] 6 23.06 
| 
6 11.0840 * 29.6807 | — 3) —1.2 | —1.6 | 40 28 32.02 |+ 7 50.16) 1.26 | == Sonat Sies 23.23 
7] 26.5580*"/ 12.3760 #1 S| ate adi | + a) | 40 30 23.03 |+- 5 58.62) +-1.27| 4+ 18 /|+10| 6 23.26 
8 |12.4497 |29.2210 |-+120| —1.5 0 | 40 43 28.13 |— 7 4.382); 4+ 5|— 24 Sey lay 23.56 
9) |22.9857 |18.9147 |+ 34) +-1.6 | .7/40 88 6.13|— 143.01; + 1/+ 35 |— 4/11 23.55 
10 24.9340 |14.96638 |— 3] +1.6 .0 | 40 40 35.89 |— 412.01; + 3/4 26\— 7| 6 23.66 
11} = |83.8627% 6.4703 — 4) —1.7 | — .4|40 25 2.30|+-11 19.89) 11.23 | — 32 |+20] 6 23.36 
Dec.) 12 (14.2643 |27.0857 |+ 70) — .1| + .3| 40 41 45.96 |— 5 23.07] + 4/)/+ 3/|-—10) 7 22.93 
3 |[V 3] D |12.4063 |28.2207 |+ 43) + .3 .5| 40 29 43.38 |+ 6 39.93} — 5/]4 11 /+12) 7 23.56 
4 22.4830 |16.6803 |— 21] —1.3 | — .6 | 40 38 49.53 |— 2 26.65 + 2);— 28|— 5/10 22.67 
5 |11.9387 +#)28.1047 iv 0) +1.1 | 41.4 | 40 29 32.84)+ 6 48.84) 41.27) 4+ 35 |412| 6 22.98 
6 29.9897 i¥| 11.4100 i) — 8) + .2| +1.8 | 40 28 31.93 |+ 7 49.72) 11.26 | + 25 |+13] 5 23.34 
fi 12.5637 #/26.7487%"|4 18] + .6 | — .2 | 40 80 22.97 + 5 58.55| +-1.27 | +  6)+10| 6 23.01 
8 29.6850 |12.8897 |1190) +3.0| + .5 | 40 48 28.14/— 7 5.10 + 5|+ 55 |—13] 7 23.58 
9 117.6487 (21.7300 |— 12) + .3] +1.0/ 4038 6.23|— 1.43.15 + 1)/+ 18 |— 4)11 23.34 
10 15.4880 |25.4813 |+ 43} +1.3 | +1.9 | 40 40 35.52 |— 4 12.76 + 38|/+ 45|— 7/6 23.23 
ib | 6.9557 #/33.8453i"|4 26) — .8 | —1.0| 4025 2.47 +11 19.90) +1.23 | — 17 |+20) 6 23.69 
12 26.7077 |13.8920 |+ 34] +2.6 | +2.1 | 40 41 46.18 |— 5 24.10) + 4/+ 68|—10] 7 22.77 
I 1| D \26.5607 /11.4043 |136] + .4| + .2 | 40 42 46.30 |— 6 22.85] + 5/+ 9/13] 8 23.54 
2 21.7547 |17.43807 |— 16] —1.9 | —1.1 | 40 34 33.58 + 149.28} 1|)— 44/4 4/9 22.54 
3 (26.6410 |12.6173 |— 46] + .6 | — .4 | 40 42 18.00 |— 5 54.44! + 4/+ 4)—10) 6 23.60 
4| 17.8490 |21.1270 |— 16) + .8 +-1.8 | 40 387 45.69 |— 1 22.83) + 1/4 35/— 3] 7 23.26 
5 16.4910 |25.13238 |— 61] — .7 | — .6 | 40 32 45.37 + 8 38.63); — 3|]— 19/4 7] 7 23.92 
6 23.6993 |16.6310 |+- 10) —1.4 | — .3 | 40 38 24.59 + 258.73} — 2|— 26|4 3/6 23.15 
i 27.4757 111.6927 |— 59/ — .2| — .9| 40 43 2.96 |— 6 38.88 + .5|— 14 /|—12| 7 23.94 
8 23.3970 |16.5873 0) —1.5 | — .7 | 40 38 31.40 |+ 252.16; — 2)— 33 + 5| 6 23.32 
9 21.6123 © 16.6993 — 39) — .8 | —1.0 | 40 38 27.21|— 2 4.11)4 2)/— 25\|— 4/7 22.90 
Dec.| 10 8.6503 #)30.5260iv — 6 — .1|— .6.|40 27 8.85/+ 9 13.05] +1.25;— 9 +20| 9 28.35 
4 |TV 2] D {18.3548 |20.0010 |— 12] 1.4] — 614037 4.48/— 41.60 + 1)— 30/\—1/11 22.69 
3] R }29.8387 |14.0693 +270} +2.0 | +2.0 | 40 29 43.28 |+ 6 39.24, 5 + 57/112) 7 23.23 
4 18.8190 |24.6157 ++ 87; —2.8 | —1.2 | 40 88 49.44 |— 2 26.77 + 2\|— 60\— 5/10 22.14 
5 27.1510%" 10.9887 #)4 32) 11.4 + .7 | 40 29 32.26 |+ 6 48.70) 41.26 + 27 )+12) 6 22.67 
6 10.8067 i 29.3860 +" 0) + .8 | — .2 | 40 28 31.86 |+ 7 49.'73 +1.25/+ 8|+18/] 5 23.10 
i 26.8930 i") 12.6967 i + 11} —1.3 .0 | 40 80 22.91 |+ 5 58.94 11.26) — 21 +10} 6 23.06 
8 TULL 179217 eS) ees 0 | 40 43 28.10|\— 7 471;+ 5/— 5|-18] 7 23.33 
9 20/9740 916.9043: —— 89, a ees 38 6.21,— 142.7914 1);)— gi—4 i | 23.41 
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. Levels. 
1894. | Star.| P Micrometer, (a; / 
eromete yi 5 3(d -- re) ) 
Dec. Gre seal 
A TV10) R |24.2917 |14.3150 |— 60) + .8| + .7 | 40 40 35.51 
ah 82.8618'"| 5.9793 %|— 34) —1.1 | —1.2 | 4025 2.47 
12 13.3743 |26.1567 |— 27) —1.2 | —1.2 | 40 41 46.19 
I 1| R /19.644'7'¥/34.8273 #}+—366] +- .9 | — .5 | 40 42 46.41 
2 18.3407 |22.6983 |-+ 19} —2.8 | —2.8 | 40 34 33.69 
3 12.5507 |26.5827 |— 53) —2.4 | —2.1 | 40 42 18.12 
4 21.8250 |18.5843 |+ 5) + .2| — .8 | 40 37 45.80 
5 24.6377 |16.0283 |4- 25) —1.2| + .1 | 40 32 45.43 
6 16.2747 |23.3473 |— 11) — .2 .0 | 40 33 24.69 
a 12.9923 |28.7483 |-+121) —3.2 | —1.2| 4043 2.95 
8 16.5878 |23.8507 |— 5d .0| + .2| 40 33 31.48 
9 17.9583 |22.8873 |4+- 19) + .38| + .4| 40 88 27.28 
Dec.| 10 31.8800'"| 9.9940%/+- 16) —1.2/} — .3| 4027 8.90 
5 ITV 2} D/18.1148 |19.7503 |— 15} +1.4|-+ .4|4087 4.37 
3 11.2603 (27.1018 |—111| + .5 | — .5 | 40 29 43.16 
4 20.7427 |14.9880 |—108] -—— .9 | — .8 | 40 88 49.35 
5 11.7123 4/27.9053i"|+ 7) + .1|) + .8 | 40 29 32.16 
6 29.7927'7/11.2127%/— 4) + .9 | 11.6 |40 28 31.78 
i 12.7483 41)26.9417'7)+ 8) + .9 .0 | 40 30 22.84 
8 28.8440 (12.0473 |4- 62) +1.5 | + .8 | 40 43 28.04 
9 17.8370 |21.9850 |— 4|— .6|—1.0|4088 6.17 
10 14,2147 (24.2123 |— 69 0; + .1 | 40 40 35.48 
11 6.1267 |33.0233 |— 28] + .3 | —1.0 | 40 25 2.45 
12 27.9490 |14.2660 |-+ 74) + .1| — .8/ 40 41 46.18 
I 1} D (26.1890 |11.0167 |—188) —1.5 | —1.1 | 40 42 46.52 
2 20.8883 |16.5693 |— 49) — .7 .0 | 40 34 83.79 
8 27.8253 |13.7760 |+-100) +2.6 | + .8 | 40 42 18.22 
4 17.8697 |21.1873 |— 16) —1.9 | —1.5'| 40 37 45.88 
5 14.7557 |23.8657 |— 70) +-1.7 | +1.0 | 40 32 45.52 
6 23.8113 |16.7520 |-+- 18) — .7| + .7| 40 33 24.78 
uf 28.0870 [12.2920 |+ 17)— .4|+ .4/40438 3.18 
8 24,0273 |17.2507 |+ 88) — .5| + .2 | 40 33 31.55 
9 23.3690 |18.4447 |+- 40) +1.2 | + .1 | 40 88 27.34 
Dec. 10 8.7007 #/30.5'7337\—__ 6 .0| — .4/}40 27 8.95 
6 |TV 2) R |21.1620 19.5133 |+ 2) + .66|— .2|40387 4.26 
3 26.9157 [11.1173 |—188) +1.4 | +1.8 | 40 29 43.05 
4 16.9040 |22.7240 |— 11} — .8)| + .8 | 40 88 49.26 
5 28.1230'/11.9470%/— 1) + .9| + .8 | 40 29 32.06 
6 10.5157 4/29.0940'7/+- 2) 12.3 | +-1.2 | 40 28 31.70 
"4 26.6158'"|12.4407 4] 25) — 6] — .6 | 40 80 22,77 
8 12.2877 |29.0880 |-+ 90) — .2| + .1 | 40 48 27.98 
9 22.8540 |18.'7560 |+ 29) +1.9|-+ .9|40388 6.14 
10 24.6630 |14.6983 |— 28) — .5 | —1.7 | 40 40 35.45 
11 32 '7040'"| 5.8193 %|— 46 .O| + .7 14025 2.48 
12 18.0690 |25.8823 |— 61) —3.5 | —2.7 | 40 41 46.18 
I 2) R 19.5957 (28.9017 |-+ 65) + .7 | 41.0 | 40 34 38.87 
8) 12.4870 |26.4870 |— 63) — .8| — .4/| 40 42 18.31 
4 22.2833 |19.0850 |— 19) +1.1 .0 | 40 87 45.98 
5 24.8827 |16.2260 |-+ 38} — .4| +1.3 | 40 32 45.59 
6 15.4497 |22.4907 |— 64) +2.3 | +:2.6 | 40 33 24.84 
7 11.8197 |27.1473 |—108] — .8/+ .9/40438 3.19 
8 16.3680 |23.1507 |— 12| +1.8 | +-1.3 | 40 33 31.59 
BA 417.7680 {22.6917 |+- 10) + .1 | — .8 | 40 38 27.38 
Dec. 29.8953'"| 8.0533 4/— 16| +2.8 | +1.9 | 40 27 9.00 
0 .0 | 40 42 48.20 
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120 THE SAYRE OBSERVATORY. 


pal a Levels. Corrections. Oe Ther 
. | Star. i yee a ee J vitude. 
P Micrometer. (6 5 Fe 3(0-+ 0/) 2 5 I plates mom. 
Dec. eT) eZ le ° 
23 |I 2! D |21.6553 |17.3987 |— 19) —1.3|-+ .8 | 40 84 35.34 +147.59/— 2\/— 1% 4| 9 |40 36 22.87 
; 8 27.7150 |18.6193 |+ 80) + .9 | — .6 | 40 42 19.93 |I— 5 56.64;-++ 6/+ %7|-—10| 6 23.38 
4 17.3803 /20.7050 |— 27) —1.2 | — .7 | 40 37 47.41 |— 124.00} + 2|— 28|— 3) 7 23.19 |24.8 
5 16.6607 |25.1977 |+ 68) + .2| — .8 | 40 82 46.92 |+ 336.04;— 4/+ 13)+ 7] 7 23.19 | 24.2 
6 23.5260 |16.5450 |+ 1) +1.0| +2.0 | 40 88 26.16 |+ 256.53)— 38)|+ 41/|-+ 5) 6 23.18 
7) 28.7183 |12.9107 |+112) —1.1 | —1.4| 4048 4.33/— 639.88) + 7|/— 35 |—12) 7 24,12 
8 23.3290 |16.5908 |— 4/-+ .1}| +1.0 | 40 33 32.52 /+ 250.389|— 3)-+ 14/4 5/6 23.18 | 24.4 
9 22.5357 |17.5483 |4+ 2) 41.3] + .5°) 40 388 28.19/— 2 612)+ 2\)-+ 27|— 4/7 22.39 
Dec.| 10 9.4108 11/31 25677) + A) +1.9|-+ .4/4027 9.55 |+ 9 12.438 +1.15 | + 385 |+20) 9 23.77 | 24.4 
27 |I 1} R 12.6880 |27.9537 |+ 42! +2.9|+1.7 | 40 42 48.58 |— 6 26.25) -+ 7/-+ 68 |—13) 8 23.08 |1'7.8 
2 18.5187 |22.7807 |-+ 24 .0 | — .8 | 40 34 35.71 |+ 1 47.88; — 2)/— 4]-+ 4) 9 23.61 
3 13.3250 |27.4487 |-+ 46) +-1.9 | +1.5 | 40 42 20.382 |— 557.26;-+ 6/|-+ 49 |—10| 6 23.57 | 18.4 
4 23.7157 |20.8860 |-+- 59) +2.4 | +1.0 | 40 37 47.78 |— 124.85) + 2\)-+ 51|— 3/ 7 24.00 | 18.2 
5 24.8573 |15.8163 |+ 6) —1.9 | — .2| 40 82 47.25 |+ 335.99] — 4|]— 33/+ 7| 7 23.01 
6 16.2430 |23.2077 |— 19) +2.1 | +2.0 | 40 33 26.49 |+ 256.07; 3/-+ 59/|-+ 5) 6 23.23 
i 12.9983 |28.8710 |4-131) + .5 | +2.2|4048 4.63 |— 6 41.70) + 7|/+ 386 |—13| 7 23.30 |18.3 
8 17.4077 |24.1670 |+ 46) + .7| -+ .9 | 40 33 82.79 |+ 251.04;— 3|-+ 28)-++ 5| 6 24.14 
9 17.5133 |22.4287 |— 2) —2.7| — .7 | 40 88 28.41 |— 2 4.20;+ 2)/— 52\/—4| 7 23.65 a 
Dec.| 10 29.9113'"| 8.0893 */— 16) —1.1|-+ .5|4027 9.72/+ 911.77] +1.15 | — 11 /+20) 9 22.82 |18.5 
28 |I 1] D |27.4567 |12.1920 |— 24/— .1/-+ .9 | 40 42 48.71 |— 6 25.94; 7] 10/—18) 8 22.89 |11.8 
2 21.7910 |17.5467 |— 18] —1.6| + .1 | 40 34 35.84/+ 147.2990; — 2/— 24/+ 41/9 23.00 
3 27.5587 (18.5117 |4- 65) — .8 | —2.8 | 40 42 20.46 |— 5 55.24) -+ 6|— 41 |—10|] 6 [24.83] c 
4 17.9263 |21.2857 |— 14) —1.0 | —1.8 | 40 87 47.91 |— 1 28.65) + 2/}— 389 |— 3/7 23.98 |12.7 
5 15.7367 |24.2853 |+ 2) -+1.7|— .1/|40 32 47.88 |+ 3 36.17; — 4/-+ 26/+ 7) 7 23.91 
6 22.3817 |15.8710 |— 68) —3.0 | —1.6 | 40 38 26.62 |-- 257.11; 38|— 68/+ 5] 6 23.18 
7 25.7943 | 9.9883 |—295| + .5 .0|4048 4.75 — 640.21)-+ 7)/+ 8 /—12/ 7 24.64 |12.7 
8 23.6317 |16.9030 |+ 15) —1.5 | — .3 | 40 38 82.90 |+ 250.18] — 3|)— 28/+.5) 6 22.88 | 11.6 
9 22.7480 |17.38887 |+- 3] +1.9 | +-1.8 | 40 88 28.51 |— 215.58) 4+ 2)+ 58/|— 4/7 [13.56] a 
Dec.| 10 8.9723 4/30.8243',— 1! — .5 | —1.2 | 4027 9.81 |+ 912.56) +1.15 | — 28 |+20| 9 23.58 | 12.5 
31 jI 1) R /18.7370 |28.9680 |+185} — .4) — .5 | 40 42 49.14 |— 6 25.61; + 7|]— 18|—18)| 8 28.42 |19.9 
2 18.6120 |22.8310 |+ 26) +-2.4-| +2.2 | 40 34 86.26 |+ 146.75; 2)+ 66|+ 4) 9 23.78 
3 12,8348 |26.9697 |— 14; —2.2 | —1.8 | 40 42 20.91 |— 5 57.40| 4+- 6/)— 58 |—10| 6 22.95 | . 
4 28.4330 |20.0983 |-+ 52) + .5|— .1/| 40 87 48.34|\ 12446/+ 2/41 6)/—8| 7 24.00 | 18.7 
5 23.3748 |14.8313 |— 66} —1.9 | — .1 | 40 82 47.80 |-+ 335.86, 4|/— 82/+ 7| 7 23.44 
6 15.4587 |22.4487 |— 64| + .2] — .2 | 40 38 27.05 |+ 256.59] — 38 0/+ 5| 6 23.72 |18.8 
uf 12.8710 /28.2820 |+ 41) —1.2 .0|40 48 6.15 |— 6.41.18) + %7)|— 19 |—12| 7 23.80 | 18.6 
8 15.7540 |22.4727 |— 53) + .6/ -+ .6| 40 88 83.29 |+ 249.76, 8)-+ 17/+ 5] 6 23.30 
1895 9 16.2697 |21.2537 |— 56| — .9/— .3| 40 88 28.88 |— 2 5.89) + 2/— 18|— 4! 7 22.86 | 18.5 
Jan, 10 32.4810'"/ 10.6620 #/-+-. 26) — .4]| + .2| 40 2710.14 |+ 911.80) +1.15]— 4 |-+20] 9 23.34 |18.6 
1j/I 1} D \27.8800 |12.0498 |— 41/+ .1] + .7 | 40 42 49.26 |— 6 26.80) + 7|+ 10 /—18] 8 238.08 | 19.4 
2 17.3180 |13.0863 |—197) —3.9 | — .5 | 40 84 86.88 /+ 146.51; — 2/)]— 69/+ 4] 9 22.31 
8 26.7593 |12.5883 |— 40] +2.7| + .9 | 40 42 21.05 |— 5 58.24)-+ 6)-+ 55 /—10! 6 23.38 
4 17.8997 |21.2520 |— 13) +1.1 | — .7 | 40 87 48.45 |— 124.74) +: 2/+ 8|—8| 71 238.85 | 19.9 
5 15.0610 |23.6120 |— 50) + .7| + .2| 40 82 47.90 |+- 336.18) — 4|/+ 18 +7) 7 24.26 
6 23.1087 |16.1227 |— 24) — .8| — .2| 40 88 27.19 |+ 256.59; 8/— 15/+ 5] 6 23.71 
Wf 26.6927 |10.8273 |—171| — .8 | —1.1 | 4048 5.29 |— 6 40.75 + %|— 27)}-12) 7 24,29 |19.7 
8 22.4278 |15.7037 |— 56] —1.6 | — .5 | 40 88 88.41 |-+ 249.88; 8|— 82 + 5| 6 23.05 | 19.2 
9 21.8467 |16.8377 |— 80) + .1/ + .1| 40 38 28.99 |— 2 6.59 + 2)/+ 8/— 4/7 22.48 
Jan. 10 7.9410 4/29, 7587'"|— 31] + .4| -+ .3 | 40 27 10.25 -+ 911.50) +1.15 |} + 10 /+20) 9 23,29 |19.1 
4 |I 1/ R \12.7283 |28.0187 |-+ 48) +-1.2 + .2|40 42 49.52 |\— 6 26.77| -+ %)-+ 22/18] 8 22.99 16.9 
2 20.9873 |25.1270 |+-111| — .6 | —1.6 | 40 84 36.64 + 146.22;— 2|/— 80/-+ 4) 9 22.67 
3 12.8260 |26.9897 |— 12} — .8| — .4| 40 42 21.84 |— 6 58.12 + 6/— 18 |—10| 6 23.06 
4 22.1183 |18.7570 |-+- 12) — .5 | —1.9 | 40 37 48.72 |— 1 25.08 + 2}/— 82\|— 8] 7 23.48 ct 
5 25.2897 16.7280 |+ 72) -+ .2| +1.1 | 40 82 48.20 + 885.42;— 4/-+ 17 Wiley ' 28,89 117.4 
6 15.9023 |22.8207 |— 389] --5.8 | +5.4 | 40 88 27.48 |+ 254.85/— 8 +1.62 + 5| 6 24,08 


* Definition this evening very poor ; work not satisfactory. 
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Levels. ections. 
1895. | Star. | P Micrometer, Cc 7 | $(6 + 07) To 7 | Latitude, ee 
A B Micrometer. é I r |Mer CHa 
Jan. Omiya) Ze fo) Wi, fe) 
4 iI | R |12.0480 277.9453 0| — .8|-+ .8|4048 6.54\— 641.99) + 7|/— 9 |—12]| 7 |40 36 23.48 
8 16.6873 |23.8590 |+ 1)/-+ .9| + .1 | 40 33 33.68 |+- 248,71/— 38;-+ 16 5| 6 22.63 | 16.0 
9 17.9463 |22.9763 |-+ 21) — .1| -+ .38 | 40 38 29.24|— 2 7.25)+ 2/-+ 2|/-— 4/7 22.06 
Jan. 10 32.89607}11.1188 4-4 33) — .3| -+ .7 | 40 27 10.47 |++ 9 10.90) +1.08|-- 4 /+20/] 9 22.78 | 16.5 
11 |I 1) D 28.1667 |12.8748 |-- 68) — .7 | — .8 | 40 42 50.18 |— 6 26.87) + 7)/— 21|—18/ 8 23.12 | 34.4 
2 22.0477 (17.8587 |— 8] —1.5 | — .2 | 40 84 87.29 |+- 146.05)  2|/— 26)/-++ 4/9 28.19 
3 27.6940 |18.4890 |-+ 75) +8.1 | +1.7 | 40 42 22.07 |— 559.89; + 6/-+ 71/10) 6 23.41 
4 17.7473 |21.1730 |— 17) +1.2| + .2| 40 87 49.40 |\— 1 26.58] + 2)-+ 22|/— 8) 7 23.10 
5 15.6448 (24.1290 |— 7 0 .0 | 40 82 48.85 |-+- 8 84.58); — 4 O\j+ 7/7 23.48 |34.1 
6 21.6757 (14.7347 |—128) — .8 -O | 40 88 28.15 |-- 255.24)-— 38])— 138/-+ 5| 6 28.84 | 34.1 
ad 27.6503 |11.7157 |— 46) — .6/-+ .7/4048 6.16 |— 6 42.82; 4- 7|— 19|—12| 7 28.17 | 83.9 
8 28.4493 (16.7647 |+ 5|— .6/-+ .3/ 40 88 34.27 |+ 249.04;— 8/— 5/+ 5] 6 23.34 
9 22.6323 {17.6080 |-+- 5) +1.1 | +1.9 | 40 88 29.79 |— 2 7.19) + 2)+ 42/— 4/7 23.07 
Jan-| 10 9.0183 #/30.7967'%\— 1) +1.1 |] + .7 |.40 27 10.98 |-+- 9 10.'70| +-1.08 | -- 26 |+20) 9 28.26 | 83.8 
14 I 2) R 17.8158 (21.4750 |\— 28) + .6 .O | 40 34 37.69 |+ 145.18) — 2/)/-+ 9/+ 4/9 28.02 | 23.1 
4 22.3587 |18.9407 |4- 21) +-1.7 | 4+- .2 | 40 87 49.88 |\— 1 26.48) + 2)-+ 80 |— 38| 6 28.'70 | 22.8 
5 23.5180 |15.0660 |— 52} — .7| + .8140 82 49.28 |+- 833.59; — 4/— 1|+ 7| 7 22.96 
7 13.4580 |29.3813 |-+-197) —1.5| + .8|4048 6.58 |— 6 48.27) + 7|— 14|-12| 7 28.19 | 22.4 
8 16.3900 /23.0763 |— 17) + .1 | — .5 | 40 88 84.70 |4- 2 49.08 8i/|— 5/+ 5/ 6 23.76 
9 17.2883 |22.3177 |— 9| —19/]— .5 | 40 88 30.20 |— 2 7.15;+ 2/— 87/— 4) 7 22.78 
Jan. 10 30.3397!" 8.57380 #\— 8) — .8| + .4| 40 27 11.80 |+- 9 10.89] +-1.08 0 |-+-20| 9 28.06 | 22.4. 
16 I 1} D /27.'7560 |12.4147 |4 10) +2.0| + .7 | 40 42 50.'79 |— 6 27.96) + 7} -+ 41 /—18] 8 238.26 | 31.3 
2 22.0800 (17.8737 |— 2] — .b .0 | 40 84 87.86 |-+- 145.09; —- 2/— 8/|-+ 4/9 22.98 | 81.4 
3 28.0220 [13.7917 |-+-111) -+-1.6 | +-1.5 | 40 42 22.61/— 6 0.12)-+ 6)-+ 45 |—10| 6 22.96 
4 16,8370 |19.7907 |— 59} + .8 | — .4 | 40 87 49.86 |\— 127.18] + 2/\/-- 8|— 8/7 22.82 |31.1 
5 1'7.8683 |25.81838 |--116] +1.0 | — .8 | 40 82 49.50 |+ 3 83.97) — 4/-+ 12\/+ 7| 7 23.69 
6 22.4147 |15.5040 I— 64) — .1 .0 | 40 88 28.84 |-+- 264.509/;— 8)/— 1/+ 5/ 6 23.50 
7 26.7190 |10,7427 |—181} +1.5 | +-1.9 | 40 48 6.82 |— 6 48.53) + Y|-- 48 |—12| 7 28.79 
8 22.4483 |15.8057 |— 51) — .6 | + .2 | 40 88 34.94 |+- 247.84; — 8;/— 5|+ 5] 6 22.81 | 30.6 
9 22.5500 {17.4918 |-4 1) +41.8 | -+-2.4 | 40 88 80.48 |— 2 7.92)-+ 2)-+- 59|— 4) 7 23.15 
Jan.| 10 8.6340 #)30.8773'\— 10) +1.6 | +- .9 | 40 27 11.52 /+- 9 9.79} +1.01} + 87 )+-20] 9 22.98 | 80.7 
19 {I 1) R |10.7857 |26.1690 |—206) +-2.7 | +- .9 | 40 42 50.98 |— 6 28.47) + 7] -+- 55 |—13] 8 28.08 | 21.5 
2 18.1623 122.8303 |-+ 9] —2.8 | —3.3 | 40 84 38,10 /-+ 145.42; 2/— "9 /-+- 4/9 22.84 
3 18.0197 |27.28938 |-+ 17|—8.0 | — .7 | 40 42 22.97 |— 5 59.61) -+ 6|— 57 |—10) 6 22.81 
4 21.0013 |17.5693 |— 22) — .4| —1.8 | 40 37 50.28 — 1 26.78) + 2|/— 29|— 38) 7 28.82 | 21.5 
5 24.7470 |16.2988 |-+ 38) —2.7 | — .9 | 40 82 49.74 /-+- 388.86; — 4|/— 55/+ 7| 7 23.15 | 21.5 
6 17.0123 |28.9127 |+ 28] + .8| — .1 | 40 88 29.09 |-++- 254.56)— 38)]-+- 11/-++ 5] 6 28.84. 
7 12.6543 |28.6260 |-+ 89) — .4/|-+2.1/4043 6.98|— 644.10) + 7|-+ 20|—12)| 7 28.10 | 21.1 
8 16.5393 /23.1927 |— 10} + .2| — .8| 40 88 85.18 | 24822;—- 8)/— 1/)-+ 5) 6 23.47 
9 18.5667 |23.5788 |-+ 48) —1.1 | — .8 | 40°88 80.67 |— 2 6.72; -+- 2)/— 27\—4|7 23.73 
Jan. 10 31.8083"| 9.6243 1+ 4) —2.2 | —1.5 | 40 27 11.78 |+- 9 10.78; +1.01 | — 64 /|+20) 9 23.22 | 21.3 
23 |I 1] D |28.1487 |12.8023 |— 63) +1.4 .0 | 40 42 51.29 |— 6 28.22) + 7) -+- 22|—18] 8 28.81 | 21.8 
2 19.9607 |15.8017 |— 78} —1.1 .0 | 40 34. 88.42 |-- 144.97; — 2|/— 17 /+40)| 9 23.69 
3 27.9597 |18.7597 |+105) + .8 | — .7 | 40 42 23.382 \— 5 59.84; --+ 6/+ 4/10] 6 24.04 
4 17.0320 |20.4847 |— 36) —1.5 | — .2 | 40 87 50.63 |— 1 27.22; -+- 2)/— 26\|— 38) 7 28.21 
5) -* |15.8827 |24.8208 |+ 8) -+ .7| +1,0 | 40 82 50.08 |-++ 3 33.88; — 4)|-- 24/4 7) 7 28.80 | 20.9 
6 23.9107 |17.0240 |-+ 28) — .6 .0 | 40 83 29.46 |+- 254.21; —- 8)/— 9+ 5] 6 23.66 
| 27.4107 |11.4518 |— 80) — .2| + ,1|4048 7.41/— 6 43.86)-+ 7/— 2 |—12)| 7 24.05 | 21.0 
8 21.6423 (14.9897 |— 98) —8.1 | — .7 | 40 38 85.54 |+- 247.97; — 8|— 59/+ 5] 6 28.00 | 21.0 
3) 22.2260 {17.1660 |— 15) + .5 .0|40 88 81,01 /|— 2 7.91) + 2)/+ 8\—4)7 28.28 | 20.6 
Jan. 10 9.3280 *131.0920%)--  1).— .4.| —1.9 |} 40 27 12.02 |--+ 9 10.84) +-1.01 | — 81 |+-20] 9 23.35 
24 |I 1] R j12.88380 (28.2007 |-+ 74) -+ 1) — .8 | 40 42 51.40 |— 6 27.52); -+- 7|— 8\|—13| 8 23.82 | 18.6 
2 19.4427 128.5967 |-- 56) —1.7 | —2.8 | 40 84 88.54 |-+ 145.18; —- 2)— 57/+ 4/9 23.26 
3 12.4887 |26.7298 |— 48] —1.0 | — .8 | 40 42 23.45 |— 5 59.98) + 6|— 26 |—10] 6 23.23 
4 22.7650 |19.8170 |-+ 80] +1.1 | — .1 | 40 87 50.76 |— 127.26) + 2/-+- 16\— 3] 7 28.72 |18,6 
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122, THE SAYRE OBSERVATORY. 


Levels. Corrections. 


: en , ————] 1 f = Latitude, | Ther. 
1896. | Star. | P Micrometer. (3 4 e £(d + 0d’) Sareea ; ee ae nom 
Jan. | OT! Ste a7 fo) 
24 II 5] R |23.9523 (16.5090 |+- 13] —3.0 | —1.1 | 40 82 50.20 |+ 3 33.54). 4|— 62/4 7) 7 |40 36 23.22 
6 13.9720 |20.9187 |—156|) —4.1 | —4.7 | 40 33 29.59 |+ 255.26; 3/|—1.26|+ 5] 6 23.67 
u 12.9548 |28.9067 |+-129) —1.2| + .6|40438 7.53 |— 6 43.71|-+ 7|— 12/12) 7 238.72 |18.5 
8 15.0560 /21.6917 |— 95) + .6 | +1.0 | 40 38 35.67 |+ 2 47.56; — 3)+4 22/4 5| 6 23.53 | 18.4 
9 17.9413 /23.0197 |— 21)— .6| + .6| 40 38 31.14|— 2 8.36);+ 2/— 2/—4)|7 22.81 
Jan. 10 31.8540'"| 10.1080 #)+- 15| 1.5 | — .7 | 4097 12.14/29 9193) =2 2010) asec 23.03 | 18.3 
27 |I 1) D /28.6000 |18.2353 |+-124) — .6 | — .2 | 40 42 51.78 | 6 28.84; + 9|— 12 |—13| 8 22.86 | 23.6 
2 23.1777 119.0533 |-+ 40) — .3 | .0 | 40 34 38.92 |+ 144.39; 2/— 56\|+ 4] 9 23.37 
3 132.6637 |18.4813 |+690) — .0 | —=,9\| 40'429°23/871="6._ 0137) =E 9 | 100 23.44 
4 18.9573 |22.4080 |+ 22) + .4 .2 | 40 87 51.18 |— 1 27.81; + 2/+ 4\/— 3/7 23.97 | 23.1 
5 15.1823 |23.5960 |— 53) -+ .38)-+ .6 | 40 32 50.63 |+ 3 32.62; 5)/4 12\/4 7| 7 23.46 
6 22.8593 |16.0010 |— 384/-+ .6| + .9 | 40 33 80.04 /+ 253.34/— 4/+ 21/4 5| 6 23.66 
Pf 26.0500 |10.0848 |—275| + .8|-+ .4/4048 7.97|— 644.29) 4 10/)4 10\|—13] 7 28.82 | 23.1 
8 22.5777 |15.9770 |— 40) —1.2 | — .1 | 40 33 36.12 |4 246.81; — 4]— 21 |+ 5] 6 22.79 
9 21.4150 |16.8247 |— 53) + .9|+1.1 | 40 38 31.58 |— 2 8.59) 4+ 38)+ 28\|— 4| 7 23.33 
10 8.2177 41/29.9533'"|— 14) + .2| — .5 | 40 2712.55 /4 9 9.59; + 98|—  38)|+20)| 9 28.38. | 22.9 
II 1) D /15.8948 |21.5843 |— 64) — .% .0 | 40 38 47.07 |— 2 23.72; + 4/— 11 \/— 4] 6 28.30 | 19.2 
2 21.5067 |17.1023 |— 28) — .3 | —1.5 | 40 38 15.138 — 151.30; + 38/]— 24/— 3) 6 23.65 
| 3 21.0307 |1'7.8680 |— 16) — .2/4+ .6|4035 3.66|+ 119.93) — 2|)/+ 4)/+ 3/6 23.70 |19.5 
4 19.9253 |18.4800 |— 11 0 .O | 40 3659.48 |— 36.52; + 1 0i—1| 7 23.03 |19.2 
5 17.9253 |17.5993 |— 74+ .4)-+ .4| 40 36 15.19 |+ 8.238) — Oj;+4+ 11 0) 8 23.61 
6 32.1860'"| 9.9473 tt} 21) — .9 | —1.1 | 40 45 47.03 |— 9 22.40) — 97) — 28 |-16| 6 23.28 
ut 15.0667 |26.2270 |+ 63) — .7|— .1|4041 5.03 |— 442.37;4+. 7/}/— 12|— 8] 6 22.59 |19.0 
Jan, 8 7.9793 41)29.3463'"|— 14) + .5 | +2.2 | 40 27 21.90|4 9 0.27/+ 98/+ 36/418] 8 23,77 |19.4 
29 I 1) R /10.7350 |26.1497 |—209) 41.0 | +1.2 | 40 42 51.97 |— 6 29.25] + 9/+ 31/18) 8 23.07 | 20.1 
Jan. 2 17.1220 |21.2527 |— 31) — .5 | —1.1 | 40 34 39.13 |4 144.387) — 2/— 22)/+ 4) 9 23.39 
31 |I 1) R 12.0117 27.4050 |— 389/ +2.0] + .9 | 40 42 52.09 |— 6 29,15|-+ 9/+ 43 \|—13/ 8 23.41 |15.5 
2 21.4953 |25.5917 |+128) — .2 | — .6 | 40-34 39.26 |+- 143.91; 2/— 10/4 4} 9 23.18 
3 12.3113 |26.5757 — 69) —2.0 | — .6 | 40 42 24.26 — 6 0.53) + 9|— 389 |—10| 8 23.39 
4 22.5010 |19.0627 |+- 24) —1.5 | —2.6 | 40 87 51.57 — 1 27.00; + 2)— 57\|— 38] 7 24.06 
By 23.6550 {15.2493 |— 39} — .1|+ .2| 40 3251.04/+ 3 32.48;— .5/+ 1/4 7| 7 23.57 |16.1 
6 17.6210 |24.4347 |4- 60) +2.4 | 41.9 | 40 33 30.49 |+ 252.45) 4/4 63/4 5| 6 23.64 
7 11.8893 |27.8960 |— 14/— .4|+ .6|4043 8.41 |— 644.72/4 10;}+ 1 |—138) 7 23.74 |16.1 
8 16.4380 |23.0180 |— 16) +1.1|-+ .6 | 40 38 36.61 | 246.34/— 4/-+ 28/4 5/6 23.30 {15.7 
9 17.6633 |22.7730 |+ 10) + .8|— .8 | 40 38 32.06|— 2 9.23)4+ 3/4 8)j— 7 22.92 
10 30.3100; 8.5940*/— 8) — .5|+ .6/ 40 2718.01/4+ 9 9.11} -+ 98 0 |+20) 9 23.39 |16.3 
II 1) R (22.4687 |16.7440 |— 21/ + .6|-+ .2/| 40 38 46.80 |— 224.58) + 4/+ 12\|— 4] 6 22.40 |10.1a 
2 15.8703 |20.3123 |— 73) +2.8 | +2.3 | 40 38 14.82 |— 152.14/+ 3/)+ 74/— 3] 6 23.48 y 
3 18.4393 |21.6007 —— 2] +1.2]+1.2 | 4035 3.29 + 119.94;— 2)+ 385/+ 3) 6 23.65 | 10.7 
4 21.8863 |23.8047 |+ 32) — .8|-+ .8 | 40 36 59.09 so) S.954— Li ee irs 23.26 
5 21.4587 |21.7863 |+ 5 .0 | — .5 | 40 86 14.°76 j++ 8.30; — 0O0}/— 6 0/8 23.08 
6 9.4237 3/31.5883'%| 8] —2.5 | —8.1 | 40 45 46.54 |— 9 20.49 — 97|/— 79 |-16] 6 24.19 
7 29.6877 14.5887 + 9)/+ .7/+ .6/4041 4.47/— 441.94/1+ 7|+ 18|— 8/ 6 22.76 | 10.0 
os) 30.5783" 9.2253 #/— 1) +1.0 | +2.8 | 40 27 21.36 |4+ 859.95/-+ 98|+ 45 |+18] 8 23.00 
ee ) 22.2980 18.3067 |+ 10 .0| + .5 | 40 34 48.05 |4+ 140.95; 2)+ 2/\/4+ 38/6 24.09 | 9.7 
e 
2 \I 1] D |27.6977 |12.3043 0} +-1.5 | + .9 | 40 42 52.17 |\— 6 29.25) + 9)/+ 85 j—13] 8 28.31 |18.2 
2 20.6353 |16.5093 — 53) — .6 | — .6 | 40 34 39.36 + 14420/— 2);— 17/4 4/9 23.50 
3 26.8453 |12.0487 |— 99) +1.9 .0 | 40 42 24.87 |— 6 1.26} + 9]|]-+ 30 |—10! 6 23.46 |17.8 
4 15.9030 |19.3763 |— 72) —2.8 | —2.0 | 40 37 51.69 |— 1 27.65 + 2/— 62 /\|— 3| 7 23.48 
5 17.9807 |26.3413 |+159) +2.2 | +1.7 | 40 32 51.17 +.3381.81;— 5/4 57/47) 7 23.64 (17.4 
6 23.3257 (16.4673 |\— 8] —3.3 | —1.5 | 40 33 30.63 + 258.41;— 4/— 72\/4 5) 6 23.39 
i 25.2257 | 9.1673 |—395) — .8/ +1.5 | 4048 8.55 |— 6 45.07 + 10/+ 14/—13) 7 23.66 
8 22.5727 |15.9643 |— 42] — .8 | — .7 | 40 33 36.76 1 247,00) = SR EE 55g 23.61 | 16.0 
9 21.1257 _ 15.9870 — 67/ — .2 | — .2 | 40 88 32.22 |+- 2 9.77; 4+ B8/— 5\— 417 22.46 
10 7.8630 1/29,584'7iv/ 18] — .7 | —2.0 | 40 2713.15 |4 9 9.23} + 98])— 36 |+20] 9 23.29 | 16.6 


| 
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Levels, Corrections. The 
1895. | Star. | P Micrometer. Cc 1 7 = titude. Cage 
A B OG Rat Micrometer.| l r | Mer Totnes. | mam. 
Feb. | Ouohs Uf Gs th fe) 
2 IL 1] D |12.2620 /1'7.9823 |—246] +-1.2 | +1.1 | 40 88 46.67 |— 2 24.08) + 4/-+ 83 |— 4] 6 |40 86 28.08 |11.4 
2 21.6283 |17.2390 |\— 24) —1.2 | — .7| 40 38 14.68 |— 150.93) + 3|— 28 /— 3) 6 23.53 
3 21.3300 |18.1550 |— 8) —1.7 | —1.2|40 35 3.12|/+ 120.27;— 2|— 48|4+ 3/6 28.03 |11.5 
4 20.6480 |19.2583 |— 1) —1.2 .0 | 40 3658.91 /— 35.01/+ 1)/— 19|/—1]/ 7 28.78 | 11.4 
6 32.38313"|10.1273 4/4 24) +1.4] + .6 | 40 45 46.83 |— 9 21.58) — 97/-+ 380 |—16) 6 24.03 
ui 12.8067 /23.9533 |—159| —2.7 | —1.2|4041 4.23/— 441.46/+ 7|— 59|— 8! 6 22.23 | 11.1 
8 11.9183 #/33.3260%"|+ 32] —2.4 | —1.9 | 40 27 21.12;+ 9 1.41/-+ 98]— 638/+18] 8 23.14 
9 18.5873 |22.4990 |+ 18) — .6| — .8 | 40 34 42.81 |+ 140.22; 2/)/— 19/+ 8/ 6 22.91 
Mar.| 10 13.3250 |29.8420 |+-228) —1.2 | —2.6 | 40 29 26.74 |+ 658.24) — 10|— 53 |+12) 5 [24.52 ]| 9.9* 
8 {I 1} R 12.2473 |27.6790 |— 4| + .6 | —1.0 | 40 42 58.57 |— 6 30.21) + 9/— 8 /|—18] 8 23.37 | 36.8 
- 2 18.6880 |22.73887 |+ 25] — .6 | —1.4 | 40 34 41.01 |+ 142.49]; 2]— 27|+ 4] 9 238. 84. 
3 12.5803 /26.96438 |— 28) — .7/| + .4| 40 42 26.32/— 6 38.65/+ 9|/— 6 |—10) 6 22.66 
4 22.3317 {18.7803 |+ 17) +1.4/-+ .4| 40 87 58.74/— 1 29.85) + 2/-+ 27|\— 3/7 24.22 | 36.6 
5 24.4600 |16.1720 |-- 23) + .7 | +1.7 | 40 32 58.88 |+ 38 29.68); — 5|/-+ 388\+ 7] 7 23.43 
6 15.5470 |22.3117 |— 65) — .4| — .8 | 40 38 33.12 /+ 250.89|;— 4/— 16/-+ 5/ 6 23.92 
fi 12.3580 |28.4517 |-+- 55) —1.2) + .2 | 40 48 11.05 |— 6 47.22) + 10|— 17 |—13/ 7 23.70 | 86.4 
8 16.4237 |22.9050 |— 21) + .4]| + .4 1-40 33 39.68 |4- 248.84;— 4/-+ 11/4 5/6 23.65 | 35.9 
9 17.9977 |23,2097 |4- 28) + .4| + .4/ 40 88 35.12/— 211.87)+ 38/-+ 11/— 4) 7 28.42 
Mar.| 10 32.6640'7| 9.0860 #/4- 27) + .2| + .9|402715.90/4 9 5.71) + 98} -+ 14 |4-20] 9 28.02 | 35.3 
5 {I 1) D |27.3560 {11.9800 |— 47) + .2| — .9 | 40 42 58.60 |— 6 29.95; + 9|/— 8j—138/ 8 23.61 | 27.3 
2 21.7860 |17.7160 |— 9} —3.4 | —2.2 | 40 34 41.06 |4 1 42.89) — — 82+ 4/9 28.24 
3 27.8133 |13.4457 |-- 78) +-2.9 | +1.0 | 40 42 26.89 — 6 3.51 9/-+ 69 |—10| 6 23.52 
4 17.8173 |20.9617 |— 28) —1.3 | —1.4 | 40 37 58.82 I— 132.08) + 2|— 389/— 3| 7 [21.41] { 
5 15.8497 |23.6647 |— 35) + .7| + .2 | 40 32 53.46 |+- 330.17;-— 5/+ 13/4 7) 7 , 28.85 | 27.0 
6 22.4010 |15.6770 |— 56 0} + .6 | 40 33 83.22 |+ 249.89; 4)/+ 7/+ 5/6 28.25 
#4 28.1730 |12.0843 |-+ 15] + .9 .0 | 40 43 11.15 \— 6 46.87; + 10|-+ 14 |—13) 7 24.46 | 26.7 
Mar.| 10 8.8650 #/30.4510i%/— 3) +-1.1 .0 | 40 27 16.04 |+ 9 5.83) + 98)-+ 17 |+20] 9 28.31 | 26.7 
6 {I 1] R j12.5470 |28.0190 |+ 387] +1.7 |] +1.2 | 40 42 58.64 |— 6 31.83} 4+ 9]|-+ 48 |—13| 8 22.78 | 84.9 
3 12.6267 |26.9953 |— 26) — .3| + .6/| 40 42 26.38|— 6 3.27) + 9/-+ 2/—10/ 6 23.13 
. 4 23.3123 |19.7583 |-+ 47) —1.6 | —1.5 | 40 87 53.89 |— 129.99} + 2)/— 44|— 3/7 23.52 184.8 
ar, 
9 |[ 1) D |25.0603 | 9.5817 |—362| — .1| — .1 | 40 42 53.78 |— 6 30.49; 4+ 9|/— 3 )—13] 8 28.30 |82.4 
2 21.6117 |17.5830 |— 16) —1.0 | —1.4 | 40 84 41.28 |+ 141.88; 2])— 84]|-+ 4] 9 22.88 
3 26.8027 |11.9287 |—112] +1.5 | +1.2 | 40 42 26.62 |— 6 3.19;/4+- 9/-+ 39 /—10] 6 23.87 
4 14.8247 |18.4867 |—106| +-1.2 | + .6 | 40 8754.09 |— 131.07} + 2)-+ 27|/— 3) 7 23.35 
5 16.8457 [24.6377 |+- 83) + .5 .O | 40 32.53.76 |4- 329.76; — 5)-+ 8/+- 7/7 23.69 |82 6 
6 293.5247 |16.7937 |-+ 9] —1.8} — .8 | 40 33 83.56 |-- 250.28; — 4]/— 39/-+ 5] 6 23.47 
yi 27.8980 |11.7807 |— 238) + .4| — .1/ 40 43 11.51 |— 6 47.50) + 10) 4 5 |—13) 7 24.10 | 82.9 
8 23.5583 |17.1097 /-+ 19] — .9| + .6 | 40 33 40.17 |4- 243.11) — 4|/— 7+ 5| 6 23.28 
9 22.3167 |17.0960 |— 14,/— .4| + .5 | 40 38 35.68 — 211.98) -++ 3 0\|— 4) 7% 23.76 
, 10 9.3283 #/30.8897!"|-- 1) +1.1] — .7 | 40 2716.33 /+ 9 §.22)-+ 98} +4 8 |--19/ 9 22.89 | 33.4 
Mar. 
10 jf 1) R /11.4483 |26.9020 |—113) — .1 | —1.0 | 40 42 53.80 |— 6 30.61; + 9|— 18 |—13) 8 23.05 | 45.8 
2 18.2213 /22.2463 |4+ 8) —1.2 | —1.0 | 40 34 41.30 |4+ 141.80; 2)— 82)-+ 4) 9 22.89 
3 12.5077 |26.8867 |— 40) + .6/ + .8 | 40 42 26.67/— 6 3.50;-+ 9j|-+ 19 |—10| 6 23.41 | 44.9 
4 23.2097 |19.6057 |+ 43) +1.0/ + .2/ 40 37 54.14 |— 131.24; + 2/)-+ 18/— 3| 7 23.14 
+ 6 18.6478 |25.38220 |--115| +28.3 | +2.2 | 40 88 33.64 |+ 249.07); — 4/]-+ §&1|+ 5] 6 23.59 | 45.5 
WLar. 
14 {I 2} D |24.6397 |20.6043 |+ 91) + .1| + .2 | 40 34 41.30 /4+ 142.27)— 2/-+ 4/+ 4/9 23.72 |26.9a 
3 27.1607 |12.7487 |— 7] +1.8] +1.8 | 40 42 26.63|— 6 4.41;-+ 9|-+ 52 |—10)| 6 22.79 
4 17.1740 |20.8183 |— 33) —1.0| + .2/4038754.14|— 131.94) + 2/-+ 18|— 3) 7 22.44 | 26.9 
16 ‘II 1} R [22.4267 |16.6587 |— 24) + .5/ + .9 | 40 388 48 23 — 225.79} + 4)+ 19 |— 4/ 6 22.69 | 26.0 
2 17.2900 (21.7560 |— 19) + .5 | +1.5 | 40 38 16.00 |— 152.88) ++ 3/-+ 27/— 3] 6 23.45 
3 18.6987 |21.8340 |+ 6) +1.0/ +1.2|4035 3.81 |4+ 119.30;— 2/-+ 81 |-+ 3) 6 23.49 | 25.9 
4 20.0117 |21.4213 |+ 8) —2.3| — 5|403659.17/— 3566/+ 1);— 44\—1|7 23.14 
5 22.0350 [22.3830 |-+ 8]/-+ .7) + .1/ 40 36 14.36 |+- 8.82; — 0O/-+ 12 0/8 23.388 
6 12,1123 #/34.2917!v/1. 63) —1.3 | — .4 | 40 45 46 06 — 9 21.00; — 97|— 26 |—16| 6 28.78 | 25.6 
7 25.4823 |14.38967 ;— 4) + .4|—1.3)4041 3.81 |— 4 40.31 + 7}/— 10|— 8| 6 22.95 


* Observation unsatisfactory. Light bad; observation hurried, 
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| Levels. Corrections. Ther- 
Star. i 4 1 1 Latitude. 
Star. | P Micrometer Cc > vs $(6 + 0’) ee 3 i Ge mom. 
| On Va : OMe tT. (e) 
II 8| R 30.4617 | 9.0060 |— 2) —1.7| — .6 | 40 2719.88|+ 9 2.54) + 98|— 385 /+18] 8 /40 36 23.31 | 26.0 
9 22.4250 {18.3803 |+ 14) — .8 | — .8 | 40 34 41.25 ee 1 42.31/— 2|— 28/4 3] 6 23.40 
;} 10 128.0770 |11.5073 |— 31] —2.3 | —1.5 | 40 29 24.64 i+ 6 58.92} — 10|— 56 |412| 6 23.08 | 25.9 
I 3) R |12.6167 |27.0033 |— 7 +1.4 | +1.6 | 40 42 26.60/— 6 3.77;+ 9|+ 438 |—10)| 6 23.31 | 33.5 
4) '21.3403 |17.7350 |— 15) +1.9| + .5 | 40 37 54.13 |— 131.18) 4+ 2/+ 387|— 3/7 23.43 
5| 24.7880 |16.5123 | 40) —1.0) — 4140 82 53.88 |4- 3 29.25} — 6)/— 21/4 7) 7 23.01 
6) (17.2957 |23.9987 |-+ 88) + .2) +1.0 | 40 33 33.76 1 24959/— 4/+ 16)+ 5/6 23.58 | 33.1 
i 111.8850 |28.0240 |— 8] —1.0 .0 | 40 43 11.74 |— 6 48.08) + 10/— 16 |—13) 7 23.54 |32.6 
8 117.2843 |23.7133 |-+ 29) +1.3| + .5 | 40 33 40.56 |+ 2 42.64)— 4/4 27\+ 5) 6 28.54 | 32.4 
4 116.9730 |22.2447 |— 17| — .9 .O | 40 38 86.10 — 213.26; + 3|/— 14|\|—4| 7 22.76 
10) ices 10.1143 #/+ 11; — 6] + 5 | 402716.88|/1 9 492)+ 98|— 3/|+20] 9 23.04 |31.8 
II 1} D /15.2007 |20.9533 |— 97) + .9| 41.0 | 40 88 48.36|— 2 25.22)4+ 4 + 27/— 4| 6 23.47 | 28.6 
2) 21.4597 |17.0043 |— 30) + .4 .O | 40 38 16.13 |— 1562.59) + 38)/+ 6|— 3] 6 23.66 
3] 20.9570 117.8377, |= 13) Se 14) Se 140 Bas 04 + 118.838;— 2\;+ 9/4 3] 6 22.93 |28.8 
4) \23.4290 |21.9887 |+ 35) 4+ .9|-+ .7/403659.28|— 3651/4 1 + 23\—1|7 23.07 
5) 20.9400 |20.6390 |+- 2) +1.8 | +1.1 | 40 36 14.46 | 7.62;— O|+ 48 0/8 22.59 
6 130.8943'") 8.6570%/— 5] 11.7 | +2.1 | 40 45 46.17 |— 9 22.30] — 97 + 54 /\|—16]| 6 23.34 
7] 13.3703 [24.4960 |—101) + .8|+1.3/4041 3.4l|/ 441.08)4+ 7|+ 29 |— 8| 6 22.67 | 28.9 
8) | 8.8517 #/29.'7993i7| — 11) +2.1 | -O | 40 2719.96 |4+ 9 2.41/+ 98)+ 33)|+18| 8 23.84 
| 9) 18.1887 |22.2187 |+ ‘7 11.7] + .3 | 40 34 41,84 | 4 1 42.05; —__- 2}4+ +32)\4 3)| 6 23.78 
| 
Mar.| 10 11.8173 |28.3390 |+ 10) +2.6 | +1.8 | 40 29 24.72 4 657.81) — 10 + 64 |+12) 6 23.25 |30.2 
18 |I 3) D |28.0747 |13.'7240 +112] +1.0} — .1 | 40 42 26.60|— 6 3.17;1+ 9)+ 14/10] 6 23.62 | 38.5 
4) 116.9647 |20.5643 |— 37 + .7| + .9| 40 37 54.14 i— 130.938} + 2/+ 22|— 3|7 23.49 
5 117.3750 |25.6083 |1107) + .1] + .6 | 40 32 53.89 i+ 328.46/— 6/4 7/4 7|7 22.51 * 
6 23.7020 |16.9940 + 22;— .1| + 1. | 40 33 33.78 ee 2 49.68) — 4 0j\+ 5| 6 23.53 
| | 
7| \29.4277 18.8203 +192) + .1| — .8 | 40 43 11.76 |\— 6 47.79; + 10|/— 2|—13) 7 23.99 |37.9 
8 (28.1690 |16.7407 |— 4) — .7| + .2| 40 33 40.60|+ 242.54/— 4/4 8|/+ 5/6 23.29 | 37.7 
9) 123.7880 |18.5453 |+ 54) — .6| — .7 | 40 38 36.14|— 212.71) 4+ 3/— 5/—4|7 23.44 
| 10| | 9.2488%30.77538") 0/ 42.38] + .7 | 4027 16.92/4 9 4.47/41 98|+4 46|120] 9 23.12 
IX 1) R |23.7623 |18.0218 |+ 46) + .9|-+ .2)| 40 38 48.48 — 225.29) 4+ 4 + 17\— 4| 6 23.42 |33.1 
| 
| 2 17.1533 |21.6187 |— 26 + .4}— .3 | 40 38 16.25 |— 152.85) + 38/+ 2\— 38/6 23.48 
3 19.3067 |22.4300 |+ 24 +1.5 | +1.8 | 40 85 4.05 +119.04)— 2/4 47 + 3| 6 23.63 | 32.6 
4 21.4093 (22.8347 |+- 28) —1.8| — .6 | 4036 59.388|— 36.11 + 1\;— 8\—1| 7 22.98 
5} 21.4500 |21.79038 |4 6) + .6| + .4|40361454/4 862/— o|4 14]-0/8 23.38 
iY 125.2077 |14.12038 |— 32! — .3 + 1|40.41 3.49|— 440.28) + 7)/— 3/2816 23.23 | 32.4 
/ 8 \32.0523%"| 10.6267 ii) 4+ 16] +-1.1 | 41.9 | 40 27 20.04/4 9 1.82)4 98/4 49 +18} 8 23.52 
| .9| [20.4518 |16.4120 |— 56) 4+ .2|+ .6| 4034 41.41 |4 142.00; 2/+ 10|4 3/6 23.58 
Mar. 10) 28.7230 |12.1987 |+ 66] + .4 + .1 | 40 29 24.80 |+ 658.01;— 10/+ 8 +12] 6 22.97 |31.8 
9 I 3) R |12.0263 |26.4170 _ 99, +1.5 | + .8 | 40 42 26.54/— 6 3.64/11 9|+ 34/10] 6 23.29 | 39.8 
| 4) 23.3787 |19.7793 I+ 51) +1.6| + .7 | 40 3754.15 |— 1 31.15;4+ 2 + 35 |— 3/7 23.41 |39.8 
| 5) 25.6827 17.4147 | +112) 1.0 | + .3 | 40 8258.91 + 329.35) 5)— 12|4 7] 7 23.23 
6, 18.2850 |24.9098 |4 91) +2,9 | +1.7 | 40 88 33.82 |4 249.00; 4/+ 68|4 5] 6 23.57 
| 7 11.7497 |27.8927 — 25) + .5/4+ .5 | 40 43 11.81 |— 6 48.14) 4+ 10 + 16 |—13)| 7 23.87 | 39.4 
8) 16.6220 |23.0667 |— 11| + .1|— .5 | 40 83 40.65|4 242.94; 4/—_ 6 +5) 6 23.60 | 38.4 
9} {18.0033 23.2800 |+ 31] +1.9 | 41.8 | 40 38 36.21 |— 2 13.51 + 3/+ 53 |—4|7 23.29 
Mar.| 10) _ |81.7987'"/10.2510%4 13] — .g| 4 .4|4029716.98|4 9 4.90/+ 98|—. 8419] 9 23.06 | 38.1 
21 I 5} D \15.1410 123.4293 |— 53 .0 | —..2 | 40 82 53.96 |4+ 329.45) — 5/— 2)/4 7/7 23.48 | 35.4 
6 22.7027 |16.0333 |— 38] 11.8 | +2.3 | 40 33 33.92 + 248.55;— 4 + 58/+ 5] 6 23.12 
| 7 - |27.9810 |11.7730 |— 25] — .2| + .8 | 40 48 11.92 |— 6 48.52| + 10|— 13/4 7| 7 23.51 
/ 8 24.2203 |17.8237 + 58) + .9 +2.0 | 40 33 40.79 |+ 241.90; — 4 + 40\+ 5] 6 23.16 | 34.4 
9 22.1357 {16.8437 |— 24) 11.1] + .6 | 40 88 86.86 |— 2 13.76 + 3/+ 25\|—4| 7% 22.91 
LG 8.7490 430.2743) 6) 41.2.5 +1.9 | 40 2717.14|4+ 9 4.29)+ 98/+ 64/419] 9 23.33 | 34.5 
II 1| D /16.7803 |22.5320 |— 21) + .8 +2.2 | 40 38 48.87 |— 226.65; + 4)/+ ° 41 |— 4] 6 22.69 | 28.4 
2 22.2537 |17.7503 |— 0) +1.9|+41.1 | 40 38 16.63 |— 1 53.88 + 38/+ 44\|— 3/6 23.25 : 
3 22.3690 {19.2720 |— 23) 4 .3 +1.1/4085 4.39/+ 118.37/— 2]/4 19]4+ 316 28.02 | 28.3 
| 


* Probably wrong star. 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


1 Levels. Corrections. 
1895. | Star. | P i i eee rae ae / itude, 
2 a ae 3 A B {er a) Micrometer. fe) 1 r |Mer mt 
Mar. | or aay a) ee 
21 |II 4) D |22,4208 |20.9437 |+ 22|-+ .6/-+ .8|403659.67|— 37.89;+ 1/+ 19|—1]| 7 |40 36 22.54 
5 20.0230 |19.6970 |— 1) —1.4 | —1.1 | 40 36 14.80 |+ 8.24; — 0|/— 36 0| 8 22.76 
6 31.0887%"| 8.8497 #)— 2) —. .6 | —1.2 | 40 45 46.56 |— 9 22.35/ — 97|— 23 |—16) 6 22.91 
Ui 13.9030 |25.0160 |— 53) — .3 0/4041 3:75|— 440.88) + 7|/— 5|— 8] 6 22.87 
8 8.0923 #/29.5163'"|— 14| — .4| + .2 | 40 27 20.24\/+ 9 1.71) 4+ 98)/— 4/418) 8 23.15 
9 18.1470 |22.14738 |+ 5|+2.0/ -+ .4/ 4034 41.62/4+ 141.17;— 2/+ 387|+ 3) 6 23.2 
Mar.| 10 11.8230 |28.3453 |+ 11) +1.5 | — .1 | 40 29 25.00 |+ 6 57.82) — 10 | + 22/412) 6 23.12 | 
22 |IL 1| R |22.4517 |16.6837 |— 22) +1.3 | +1.9 | 40 38 49.03 |— 2 25.80 | + 4/)/+ 45 |— 4) 6 23.74 | 
2| (18.1573 |22.6370 |+- 16] +1.8 | +-1.3 | 40 38 16.78 |— 153.32)/+ 3/+ 45|— 3/6 23.97 
3 25.7033 |28.7683 |+196) + .1|— .6/4035 4.54/+ 118.00; — 2/— 5/4 3/6 22.56 
5 19.9747 |20.2627 |4+ 2) +2.0) +1.7 | 40 86 14.91 |+ 7.30; — O|-+ 67 0; 8 22.96 
6 7.2643 4/29.5137!'7|\— 31) — .4 .0 | 40 45 46.68 |— 9 22.54) —1.01|— 6 |—16} 6 22.97 
I 25.5847 |14.4873 |+ 3) — .2|— .2/4041 3.85 |— 440.62;+ 7)/— 5/|— 8/6 23.23 | 
; 8 30.6460'7| 9.2120 #/— 1] —1.6 | — .5 | 40 27 20.33 |+ 9 1.99} +1.02 = 32 |+18) 8 23.28 | 
9 122.6443 |18.6250-|4- 22) + .4/+ .7 | 40 3441.71 |+ 141.69;— 2/)+ 15/4 3] 6 23.62 | 
| 
Mar.| 10 29.0357 |12.5127 |+109) + .9 | — .3 | 40 29 25.08 |+ 658.09; — 10|-+ 10 |+12| 6 23.35 
23 |I 6) R \17.9890 |24.6390 |+ 78 +2.9 | +2.1 | 40 33 34.04 |+ 248.35/— 4/4 73 \4+ 5| 6 23,19 
%| (18.6073 [29.7520 |+-235] +1.5 | +1.6 +40 43 12.08 |— 6 48.84; ++ 10)-+ 45 |—13] 7 23.68 
8 17.9277 |24.3477 |-+ 65| + .8 | +1.5 | 40 33 40.96 |4 2 42.51;— 4/4 32/4 5| 6 23.86 | 
9 18.6870 |23 9640 |+ 62) +1.4) + .2 | 40 88 36.51 |— 2138.59) + 3/+ 2%\|— 4) 7 23.20 
Mar.| 10 32.0287"|10.4970 #4 16) — .2 | — .1| 40 2717.82 |4+ 9 4.51) +1.07;/— 4/419) 9 23.14 
25 |IL 1) D |17.8913 |23,1977 |-+ 15) +1.6 | +1.5 | 40 38 49.61 |— 2 26.86;-+ 4/-+ 44|— 4| 6 23.25 
2) 21.9073 |17.3787 |— 14/ + .2 10 140:88.17-95:|— 9:64.48| 42> 8} +o 81 3| 6 22.96 
3 21.0763 |18.0010 |— 138 .0|— .4|40 85 5.08 |+ 117.738; — 2\;— 5/4 3] 6 22.8 
4 20.4850 {19.0217 |— 2) — .2/+ .2|4037 0.29/— 37.00;+ 1 O\—1|7 23.36 
5 20.3453 |20.0393 |+- 2) + .4| — .3 | 40 86 15.37 |+ 7.74 — O;+ 2 0; 8 23.21 
6 29,5548") 7.3140 1/— 80) — .7 | —1.9 | 40 45.47.17 |— 9 22,81) —1.06 | — 385 |—16) 6 23.35 
ve 15.0833 |26.1467 |+ 56) —1.8 | — .8|4041 430|— 441.16)+ 7|— 33 |— 8| 6 22.86 | 
8 8.2597 #/29.6753iy|\— 12 .0 | — .1 | 40 27 20.72 |+ 9 1.50; +41.07|— 2/418) 8 23.0¢ 
9|  |21.4143 |25.4190 |+120| — .2|— .4| 4034 42.11/+14157/— 2/— 8/4 3/6 23.617 
jy fey ae aK 12.4927 |29.0053 |—106| — .5 | — .2 | 40 29 25.47 |+ 657.28; — 10} — 10 /+12) 6 22.7 
28 |II 1) R (23.4780 |17.6397 |+ 29) + .4| + .1/ 40 88 50.27 |— 227.70; + 4/4 8|— 4) 6 22.71 
2 17.6227 |22.1960 |— 5, + .9/-+1.1 | 40 38 18.02 |\— 155.63); 4+ 3/-+ 28\— 3) 6 22.78 
3 19.4963 |22.5150 |+ 26) +2.7 |} +1.3| 4035 5.72/4+ 116.40)— 2/+ 60/+ 3/ 6 22.79 
4 19.6317 |21.1740 |-- 3)— .2|-+1.1|4037 O.88/— °39.01/-+. 1 + 11\/—1/7 22.05 | 
5 22.5147 |22.7687 |+ 6) -+ .3)| + .1/| 40 36 15.92 |+ 6.31; — O/;+ 6 0| 8 22.37 
6 9.5123 #/31.8087'%|+ 12) — .4 | +1.6 | 40 45 47.77 |\— 9 23.83) —1.06| + 14 |_16/ 6 22.9 
" 26.2230 |15.0723 |+ 62) +1.1| + .1/4041 4.87/— 442.12;-+ 7/4 19 |— 8] 6 22.99 
8} /82.2883i7/10.8677 4/1 18] + .8] + .8 | 40 27 21.93/4 9 0.31| 41.07] + 15|+18] 8 23.0 
9 22.8273 |18.8500 |+ 30) + .4| + .2|403442.65/+ 140.65/— 2/4 9/+ 3/6 23.46 
Apl. 10 29.0003 |12.5137 |+-106) —1.6 | — .6 | 40 29 26.00 |+ 657.16; — 10}— 83|+12) 6 22.91 
10 |II 1} D |18.3873 |23.38290 |+ 36) + .9 | +1.4 | 40 38 52.88 |— 2 30.34) 4+ 6/+ 32\|— 4) 6 22.94 
2 21.2993 |16.6307 |— 46) +2.4) +2.5 | 40 38 20.65 |— 157.94); 4+ 5/4 70|— 3) 6 23.49 
3 20.4983 |17.5670 |— 24| +2.0 | +2.4|4035 8.29\4 114.06;— 3)/+ 62/4 3) 6 23.038 
4 21.0473 |19.4480 |+ 2)— .6| + .6|4037 3.23 /— 040.45)-+ 2)/— 2/—1|7 22.84 
5 20.3713 |20.2027 |+ 1) +2.2 | 424 | 40 36 18.13 |+ 427;— O|+4+ 66 0/8 23.14 
6 31.20781| 8.8193 %/— 1) +2.7 | +1.8 | 40 45 50.22 \— 9 26.12|;— 97|-+ 66 |—16) 6 23.69 
7 13.7890 |25.0623 |— 62) +2.0 | +2.5 |4041 7.21|\— 444.91| + 12)-+ 64|— 8| 6 23.04 
8 8.3083 #/29.5890|— 11| +1.9 | +2.8 | 40 27 23 33 |4+ 8 58.09| + 98)-+ 66|+18) 8 23.32 
9 14.4460 /18.8273 |—122) +2.1 | +1.7 | 40 34 44.85 |4+ 137.84)-— 4/4 55/4 3) 6 23.29 
7% 0) bale C0) 12.1687 |28.5800 |4+ 54) + .4 | —1.4| 40 29 28.21 |-+ 6 55.12; — 17|— 11 |+12]| 6 23.23 
11 |II 1| R |24.9387 |19.0023 |+103) + .2 | +1.8 | 40 88.53.12 |— 230.87; + 6|-+ 26 |— 4| 6 23.09 
2 17.1537 |21.'7988 |— 22 .0 | — .5 | 40 88 20.89 |— 157.26; + 5\;— 6\— 8| 6 23.65 
3 18.7727 |21.73833 3|— .9|— .7/4035 8.53/+ 11488;— 3]— 23\|4 3/ 6 23.24 
4 20.7417 |22,3590 |+ 23) + .3 -0|4087 346/— 40.95)+ 2/+ 5/1) 7 22.64 


126 THE SAYRE OBSERVATORY, 


Levels. Corrections. — 
895. | Star. ici i = Eee foe / itude, r 
1896. | Star.| P Micrometer. Cc a 3 4(d+ 3/) Wie a ; ; catia Latitude p Sale| 
Apl. OL eatl Orr fe) 
11 (IL 5) R 421.5950 (21.7847 |4- 4; —1.7 | —1.5 | 40 36 18.34 |+ 4.81|;— 0|— 46 0| 8 |40 86 22.77 
6 9.5497 4/31.9193ir|+- 14/ —1.9 | —1.3 | 40 45 50.45 |— 9 23.69! — 97|— 47 |-16)| 6 23.22 
7 26.9000 |15.6823 {+126 — .4|/— .8/ 4041 7.45 — 443.98| + 12/— 16 |— 8) 6 23.41 | 35.0 
8| 32.559 7i¥/ 11.2738 t/+ 23) —1.0 | — .2 | 40 27 23.54 |+ 858.32) + 98|/— 18/+18/ 8 22.92 
9 22.6180 /18.7257 |+ 23) — .8 .0 | 40 34 45.07 |+ 138.36; — 4/— 18)/+ 3) 6 23.35 
Apl. 10! 30.6600 /14.8023 |+3854) + .5 | 4- .6 | 40 29 28.42 |4 654.538) — 17/+ 15/412) 6 23.11 | 35.0 
14 |II 1| D|17.9547 |23.88138 |+ 49) —1.2 | — .6 | 40 38 53.77 |— 2 29.99} + 6|— 27 /— 4| 6 23.59 | 43.5 
2} 22.7533 |18.0990 |-+ 17) —1.6 | —2.2 | 40 38 21.56 |— 157.74, + 5|)— 53/— 8! 6 23.37 | 42.7 
3 18.6480 |15.6957 |— 73) —2.4 | —1.1| 4035 9.20/4+ 114.47;— 3]— 52/+ 8) 6 23.21 
4) 22.4910 |20.8690 |+ 24/+ .7;+ .8|4037 4.08/\— 41.08; + 2/+ 21|/—1/7 23.29 
5 20.9853 |20.8250 |+ 1) — .9| — .2 | 40 36 18.94 |+ 4.06;— 0O;— 17 0/8 22.91 
6 31.1033?" 8.7117 #/— 4) — .7 .7 | 40 45 51.12 |— 9 26.20/ — 97|— 20 —16| 6 23.65 
a 15.8098 |26.5577 |+ 91) — .6 .0|4141 8.11 |— 444.67|/+ 12;— 9/—8| 6 28.45 | 42.6 
8 8.5440 #/29.8497i7\— 9 —2.2 .5 | 40 27 24.14 |+ 858.73) + 98|— 42/418) 8 23.69 
9 16.9377 |20.82138 |— 40) +1.5 .2 | 40 34 45.72 |4+ 138.10; — 4/4 21/4 8] 6 24.08 
Apl. 10} 11.9623 /28.3213 |-+ 20] +1.3 | — .3 | 40 29 29.09 |4+ 653.72; — 17/+ 17/412] 6 22.99 | 42.6 
15 JIL 1) R [24.5263 |18.5713 |+ 81) + .4| + .9 | 40 38 53.97 |— 230.79} + 6/+ 21|— 4! 6 23.47 | 43.1 
2| 17.1863 |21.83883 |— 22) + .5/) + .8 | 40 8821.75 — 158.84)+ 5)/+ 18 — 3/6 23.17 
Apl 3) 19.1570 /22.0747 |+ 16) +2.0}+ .2/4035 9.40/+ 113.82;— 3/-+ 34/4 3) 6 23.62 | 42.6 
18 II 1} D |17.4787 |28.4730 |-+ 27) + .6 | 41.0 | 40 38 54.59 |— 231.64; + 6/+ 22 /— 4] 6 23.25 | 44.4 
2 23.2750 |18.5763 |+ 39 .0| — .2| 40 38 22.40/— 158.91/;+ 5/— 2/— 8/6 23.55 |44.3 
3| 22.1453 |19.2580 |+ 17) +1.2)-+ .3| 4035 1004/+ 113.18) — 3)-+ 23 |+- 3/6 23.61 
4 20.7513 (22.4147 |+ 23) —2.0|} — 6/4037 4.83/— 4212/1 2/— 39/—1|7 22.40 | 44.6 
5! 20 8557 [21.0830 + 1) —2.4 | —2.3 | 40 36 19.66 |+- 4.49;— 0|— 68 0|8 23.55 
6} 8.2493 #/30.6890!7\— 11) — .2 | +2.5 | 40 45 51.93 |\— 9 27.40| — 97/+ 29 |\—16) 6 23.75 
ti 26.2590 /14.9518 |+ 60) + 9/4 .8/4041 8.91/— 446.09|+ 12|)-+ 24|— 8/ 6 23.16 | 42.9 
8 33.6620'7}12.4170 4/4 34) +1.1 | — .7 | 40 27 24.85 |4 857.30; + 98/+ 8/418/ 8 23.47 
9} 22.4220 |18.5810 |-+ 17;| —1.9 | — .6 | 40 34 46.48 |+ 137.17; — 4/— 38/+ 38) 6 23.32 
Apl. 10 29.2090 12.8933 |+149) —1.0 | — .9 | 40 29 29.87 /+ 652.95) — 17/— 27/112! 6 22.56 | 42.1 
19 [IT 1) R 22.9717 |16.9717 |— 2)+ .8/+ .3 | 40 38 54.83 |— 231.72) + 6/4 17/— 4] 6 23.36 | 55.6 
2 18.0680 {22.8080 | 19) — .2} + .9 | 40 38 22.63 |— 159.91; + 5/+ 8/— 3] 6 22.88 
3} 18.5833 |21.4753 0) + .4|] +38.1 | 40 35 10.27 |+ 113.18; — 3]/-+ 46/4 3/ 6 23.92 |54.4c 
4) 20.9577 |19.2967 |+ 1)/— .6;+ .6/4037 5.06/— 42.00; 4+ 2/— 2/—1/7 23.12 
5 20.8087 |20.1617 |— 0| — .8| — .7 | 40 36 19.87 |+ 3.72} — O}f— 22 0| 8 23.45 | 53.4 
6 30,.3723| 7.9133 #/— 17) + .3 | — .3 |} 40 45 52.16 |— 9 27.87; — 97/4 1 |—16| 6 23.23 
7 15.1640 |26.4753 |+ 81) — .2 .0}4041 9.13 |— 4 46.23) + 12;/— 3/— 8) 6 22.97 |53.3 
8] 8.1767 41/29.4840iv|\— 12) — .7 .0 | 40 27 25.05 |+ 857.50} + 98]/— 11/418] 8 23.68 | 53.0 
9| D |17.0670 |20.9057 |— 33) + .1}; — .6 | 40 3446.69 |+ 136.98) — 4/— 6/4 3] 6 23.66 
Apl.| 10 12.3223 |28.6427 |+ 68) +1.0 | — .2 | 40 29 30.08 |+ 652.86) — 17 + 13 |+12) 6 23.08 
20 jIL 1) D |16.7740 |22.7653 |— 18) —2.0 | —1.9 | 40 38 55,08 |— 2 31.47 + 6)/— 56 |— 6 23.13 | 45.2 
2|-D /22.5360 |17.8183 |+ 8] —2.0 | —2.5 | 40 38 22.89 — 1 59.32 + 5|— 64)/— 3/6 23.01 
3} D |21.3860 |18.4987 |— 2] — .2}— .8| 40 35 10.52/4 113.01/— 3]/— 7 + 3/6 23.52 | 46.2 
4) R |19.6467 |21.8227 |+ 6/— .2|/4+ .2/4037 5.29/— 42139 + 2)/— O|—1/7 22.98 | 45.1 
5 21.4690 21.6057 |+ 1|— .4| — .8 | 40 36 20.09 |+ 3.46] — O|— 16 9| 8 23.47 
6 8.5290 #/30.9840i|—._ 6} —1.9 .0 | 40 45 52.41 |— 9 27.80] — 97} — 30 |—16! 6 23.24 
Hk 25.8120 14.4667 |+ 12) + .3 .0|4041 9.388|— 446.92) 4+ 12/+ 5|— 8/6 22.61 | 44.4 
8 32.5640!7|11.3090 #]/-+ 23) —1.1 | — .7 | 40 27 25.27 + 857.53) + 98|)— 26/+18)] 8 23.78 | 45.4 
9 24.5520 (20.7273 |-+ 89) —1.6 | — .9 | 40 34 46.92 + 136.94]— 4/— 87/4 3/6 23.54 
Apl.!| 10 28.4423 |12.1880 |+ 41)/+ 3] — .4 | 40 29 30.32 + 652.51) — 17 0 |+12) 6 22.84 | 44.9 
21 |II 1) R |28.8867 |17.8707 + 47) — .6| + .2 | 40 38 55.35 |— 232.24;4 6/— Tl 4/6 23.12 | 47.3 
2| R /18.1757 [22.8960 |-+ 22] —1.7 | — .9 | 40 38 23.16 |— 1 59.42 + 5/— 39\|— 3) 6 23.438 
3) R {19.0748 121.9520 |-- 13] —1.0| — .8 | 40 35 10.79 + 112.80; — 3/)— 26/4 38] 6 23.39 | 47.8 
4) D |21.7153 |20.0293 |+ 12) — .2 + .4/4037 5.54),— 4266/4 2/+ 2/—1/7 22.98 | 47.4 
5 24.5763 (24.4523 |+ 4) —1.2 | —1.4 | 40 36 20.34 + 3.15] — 0O|— 37 0|8 23.20 
6 31.0857!"| 8.6297 i] 5 + 4)— .2 | 40 45 52.68 |\— 9 27.83; — 97/4 4 /—16| 6 23,82 


TELESCOPE. 


OBSERVATIONS WITH THE ZENITH 
Levels. Corrections. 
1895. | Star. | P Micrometer. (a 3(d + d/) a Wace te Ge ee 
A B Micrometer. é 1 
Apl. Ont all 
21 |II 7 D [13.8827 |26.2357 |— 43) —2.3 | —1.2 | 4041 9.63 |— 446.97; + 12] — 
8 9.2260 #/30.4457"|— 11+ .4] + .1| 40 27 25.51/4+ 856.57; -+ 98 | + 
9 18.1303 /21.9447 |+ 1) —1.0|) — .9 | 40 84 47.18 |+ 1386.46)— 4] — 
Apl. 10 12.5253 (28.8113 |+ 93) +1.1] + .4 | 40 29 30.57 |-+ 652.06) — 17 | + 
23 [II 1) D |17.1100 |23.1480 |+ 6] —1.0 | —1.2 | 40 88 55.90 |— 232.57; + 6] — 
2] D (21.8958 (17.1847 |— 21] — .2 | —1.4 | 40 38 23.73 |— 2 0.83;/-+ 5] — 
3] D /22.5500 |19.'7070 |-+ 28) + .2| — .2| 40 35 11.36 |4+ 111.96;— 38 
4| R /18.3003 /20.0163 |— 13) —2.0}— .1| 4037 6.08/— 48.86] 4 2 | — 
5 21.8887 /21.4420 |-+ 2) —1.2 | —1.9 | 40 36 20.85 |+ 2.62;— 0} — 
6 9.1958 4/31.66777|+- 9) + .4|} — .8 | 40 45 53.24 |— 9 28.28) —1.05 | — 
ii 25.5817 (14.1977 |— 13] — .8| — .8 | 40 41 10.18 |— 446.57) + 12] — 
8 31.4723'%|10.2647 #)/+- 8) — .1| + .6 | 40 27 26.02 |4 8 56.29] 41.06 | -- 
9 23.5970 (20.7940 |/+ 55| — .1 | — .2 | 40 34 47.72 |+ 136.30) — 4] — 
May} 10 27.4743 |11.1867 |— 95) — .3 .0 | 40 29 31.13 |-+ 6 51.62) — 17) — 
1 {IT 1] R (23.7223 (17.5903 j4+ 36] +2.7 | +2.5 | 40 88 57.69 |— 235.15) + 6] + 
21 R |17.9663 /22.82638 |--+ 18] —1.0]} — .2 | 40 88 25.57/— 2 294/14 5) — 
3) R {17.7720 |20.53850 |— 19) —1.1 | —1.0 | 40 35 13.25/+ 1 9.82/;-— 3]— 
4 D |21.9757 [20.1610 |+- 17) +1.2}-+ .7|40 37 7.85|— 45.98) 2)]-+ 
5 21.7280 |21.7187 0} +1.4 | — .8 | 40 36 22.56 |+ 0.24;— Oj; + 
6 32.1960'"| 9.6530 #/4- 19} — .4 | —1.5 | 40 45 55.17 |— 9 80.09} —1.05 | — 
a 15.8513 27.2973 |+-157| +2.7 | +1.'7 | 40 41 12.138 |— 4 49.83] + 12} + 
8 9.7507 830.8627) 2) -+ .7| + .6 | 40 27 27.80 |-+ 8 58.86] -+1.06 | + 
9 19.8513 [28.5603 |-+ 58) — .4 | — .8 | 40 34 49.63 |+ 1 338.94;— 4] — 
May| 10 13.1827 /29.3587 |-+180) +1.2 | — .3 | 40 29 33.10 |-+- 6 49.49; — 17)+ 
3 IIT 1| D /18.0827 |24.2100 |+ 62) +1.7 | ++ .4 | 40 88 58.16 |— 235.10; + 6] + 
2] D |23.2250 |18.34387 |+ 83] +1.1 | +-1.2 | 40 38 26.04/— 2 3.52) + 5)-+ 
8] D [21.9180 |19.1710 |-+- 13} —1.1 | — .9 | 40 85 13.72 |+ 1 9.87);— 3] — 
4| R /18.4170 [20.2183 |— 11) +1.7| +. 5/4037 8.29|\— 45.52)-+ 2) -+ 
5 22.4593 (22.4613 0} + .2) — .8 | 40 36 22.98 |-+ .05;— 0 
6 8.5070 ti 31.0853'"|— 6} — .9 | —1.8 | 40 45 55.64 |— 9 30.92} —1.05 | — 
| 
fi 28.1683 |16.'7253 +241} + .5 | —1.6 | 40 41 12.61 |— 449.97] + 12) — 
8 32.6077" }11.5147 i 21) + .9 | +1.5 | 40 27 28.23 |-+ 8 53.43} +1.06 | + 
May 9 24.8898 /21.2267 |+-100| +1.0 | +-1.38 | 40 34 50.10 |+ 132.87;— 4] + 
6 |IL 1] R 24.8628 {18.2123 |+ 70) +1.4] + .7 | 40 38 58.95:|— 2 35.69; + 6|-+° 
2) R |18.2103 |23.0987 |+ 28) — .1 | —1.3 | 40 38 26.85 |— 2 3.68);-+ 5/— 
8] R |19.2073 |21.9197 |+ 13) + .2| — .1|40 8514.55 \|+ 1 8.62)— 3]+ 
4| D |22.5233 |20.6877 |-+- 25 0} + .4/4037 9.06|— 46.48)-+ 2)+ 
5 20.4747 |20.6027 0} —1.4 | —1.4 | 40 36 23.73 |— 0.71 0|— 
6 31.8683"| 9.2487 4/4 13) 41.3] + .3 | 40 45 56.48 |— 9 32.01] —1.05 | + 
ul 14.6423 |26.1460 |-+ 39) —1.0} — .1 | 40 41-138.44 |— 450.99) + 12) — 
8 11.5660 41/82.6453i/4- 21) + .1] + .9 | 40 27 28.99 |+ 8 53.08] +-1.06 | -+ 
9 17.8793 |21.0890 |— 26) + .4]-+ .9| 40 34 50.93 |+ 1382.48; — 4] + 
May}; 10 13.4987 |29.63830 /+220) + .9 .0 | 40 29 84.41 |+ 6 48.54) — 17} + 
9 JIL 1| D \17.8607 |24.0670 |+ 58) + .4| + .1 | 40 38 59.73 |— 2 87.07) + 9/-+ 
2] D |24.6453 19.7220 /+ 94/4 .9) + .3 | 40 88 27.66 |— 2 4.73) +4 7) + 
3| D [22.1158 /19.4880 /-+- 17] — 8] — 8/4085 15.88/4+ 1 7%.74;— 8|— 
4! R {18.2820 |20.0987 |— 14) —1.7 | —1.4|4087 9.85|— 47.04)/+ 38]— 
5 21.5647 |21.4967 |+ 1) — .9 |— .9 | 40 36 24.51 |— 1.72; — O|— 
6 9.0933 4#/31.7577|4 9) + 1) — .1 | 40 45 57.84 /— 9 33.18) — 97 
i 26.3018 |14.7713 |+ 55) — .4]— .7 | 40 41 14.33 |— 451.69) + 16|— 
8 31.7463%"/10.6903 4/1 10 .0 | — .5 | 40 27 29.81 |+- 8 52.46) 4-1.00 | — 
9 21.8370 }18.1977 0| —1.6}— .5 | 40 84 51.80 |+ 132.083; — 5)|— 
10 28.6897 |12.5827 + 91) 41.1 | + .1 | 40 29 85.382 |4 6 47.52) — 21} + 
III 1] R |29.85504"/14.2747 #|— 82! — .9 | — .8 | 40 42 58.10 |— 6 33.77) —1.07 | — 
2 6.8483 1 sii ie 41] +1.1] +1.1 | 40 46 86.44 |—10 12.12) — 95 | + 
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Latitude. rid 
Stige tae 

40 36 29.24 |474 
23.40 
23.42 |46.6 
22.86 
23.10 | 47.3 
28.20 
23.37 |46.1 
22.46 
23.11 | 45.4 
23.77 
23.47 |45.7 
23.69 
24.038 
22.71 |45.6 
23.37 
22.53 
22.83 | 4'7.4 
22.27 |4°7.5 
23.06 
23.67 |47.2 
23.04 |46.1 
23.15 
23.45 
22.76 
23.46 
22.98 
22.86 |62.6 
23.18 
23.11 
23.25 
22.61 | 62.0 
23.31 
28.84 d 
23.65 | 65.6 
23.07 
23.24 | 65.6 
22.70 
22.70 
23.56 
22.87 |64.8 
23.52 
23.64 
23.10 | 63.5 
22.85 |'70.0 
28.21 
23.01 | 69.9 
22.44. 
22.61 
23.18 
22.62 | 68.6 
23.47 
28.55 
23.00 |68.4 
23.03 | 67.6 
23.55 
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THE SAYRE OBSERVATORY. 


Levels Corrections. Ther- 
1895. | Star. | P Micrometer. Cc a z 3(0 + 0 ) OR LS nth F ; re Latitude. | nom, 
Ma he Oi atl fe) 
Q. III 3) R| 8.8818 #/34.2007i"|4 73) 42.1 | 41.7 40 25 40.63 |-+10 40.44) + 94]-+ 55/418] 5 |40 36 22.79 |66.4 
4 9.4077 41/34. 4990i¥/4- 88) +1.8 + .9 | 40 25 47.13 |-+10 34.70; + 95|}-+ 40/+19]| 6 23.48 |65.4 
5 26.6843 /14.9480 |+ 82) + .2| + .3 | 40 31 26.78 |+ 455.84/— 15/+ 6/410] 7 22.70 
6 18.3283 |21.8740 |+ 2} +3.0| +2.7 | 40 37 51.90 |— 1 29.66] + 5|-+ 82 |— 3] 6 28.14 
a 18.1500 |16.6290 | — 36) + .1) —1.1|4037 1.17/— 38.387 + 2\/— 12\|—1/6 22.75 
8 15.2193 |21.9240 | — 85} + .38 + .5 | 40 33 33.17 |+ 249.383; — 9/+ 11/4 4] 6 22.62 |65.5 
May 9 12.4907 |26.2783 |— 73) —1.2 | — .1 | 40 42 11.81 |— 5 48.46) + 19) — 21 |—10] 5 22.78 
10 {III 1) D /10.5550 |26.2287 |—220 +1.2 | 41.2 | 40 42 58.36 |— 6 35.78| + 21/-+ 35 |—14] 9 23.09 |'70.4 
2 34.2160*¥/10.0163 1/4 '78] — .38| — .7 | 40 46 36.69 |—10 12.18} — 95|— 14 |—24 111 23.34 |69.9 
3 31.4463'"| 6.1153 #/— 59) — .7 | —1.0 | 40 25 41.32 -+-10 40.39} + 94|— 24/418] 5 22.64 
4 32.8750%"| 7.7513 4/4 15} —1.5 | — .8 | 40 25 47.40 |+-10 35.33 + 95|— 34/419] 6 23.59 
5 15.0680 |26.7647 |-+ 93) — .8| — .2 | 40 31 27.04 /4 456.18) — 15|— 15 +10} 7 23.04 | 68.9 
6 22.9010 |19.8640 |-+ 35) — .2 | — .1 | 40 87 52.16 |— 1 29.538 + 65 4|— 3] 6 22.67 | 68.6 
fi 19.5390 /21.0753 |+ 2) + .2|— .2|4037 1.43/— 38.85 + 2 0|— 1/6 22.65 |68.7 
8} 24.0818 |17.4020 |+ 44 + .3/ — .2 | 40 38 33.43 |+ 249.01; — 9/+ 2 + 4/6 22.47 |68.3 
May 9 '29.8980 |16.1550 |+360) + .3| — .3 | 40 42 11.56 |— 5 48.30} 4+ 19/-+ 1/—10| 5 23.41 
12 II 1] R \23.8617 |17.6880 |-+- 41) — .7| — .8| 4039 0.87 |\— 2 37.48 + 9|/— 14\|— 4) 6 22.86 |45.5 
May 2 17.0733 /22.05338 |— 20} +1.5 +1.2 | 40 88 28.34 |— 2 5.88 + 7)/+ 389/— 3] 6 22.95 |44.7 
18 IT 1] D |18.2217 |24.4367 + 74|— .8|— .8/|4039 0.58 |— 2 37.34 + 9/— 23|— 4| 6 28.12 | 49.2 
2 22.7573 17.7883 |+ 12) +2.3 |) + .3 | 40 38 27.66 |— 2 5.68 + 7|+ 40 iS 6 22.48 
3 21.2760 |18.6867 |— 3] — .8| — .4/ 40 35 16.30 +1 6.73);— 3/]— 18 + 3/6 22.91 |48.6 
4 21.1457 |19.2220 |+ 1) +1.0] +1.4 | 40 37 10.72/— 48.65 + 3/+ 34|/— 2/7 22.49 
5 20.8793 |20.4773 0 .0 | +1.4 | 40 36 25.86 |— 2.48;— 0O/+ 18 0/8 23.14 
6 31.6107%"| 8.9127 iy) 5} +1.7 |) + .8 | 40 45 58.32 |— 9 33.97) — 97 + 37 |—17)| 6 23.64 
7 15.7333 (27.2700 |+150) —1.0 + .2/|40 41 15.83 |— 452.10) + 16)— 13/— 9] 6 23.23 |47.0 
8 9.4760 #/30.4667|— 0) + .9 | +1.4 | 40 27 30.74 |+ 8 50.79 +1.00}+ 382/+18] 8 23.11 
May 9 18.6693 |22.2270 |+ 18) +1.4 | +41.7 | 40 34 52.82 + 130.00; — 5)+ 44/4 8] 6 23.30 | 46.1 
16 {II 1) R /24.0850 |17.8487 -+ 53} +1.3 | +1.1]40389 1.23 |— 2 37.88 + 9/+ 35|— 4/6 23.86 |46.9 
2 18.6013 |21.7490 |+ 8 +1.4 | +2.2 | 40 388 29.22 |— 2 7.66 + 7/+ 50\/— 8/6 22.16 
2 19.3680 |21.9870 |+ 15 + .5| — .4| 40 35 16.99 +1 626;— 38/+ 8 + 3/ 6 23.34 
4 19.4157 |21.3477 + 5) —1.5 .0 | 40 87 11.36 |— 0 48.87 + 8/— 24/— 2/7 22.33 |46.6 
5 21.2933 |21.2007 0} —3.7 | —8.7 | 40 36 25.98 |— 2.34/— 0/—1.02 |— 0/ 8 22.70 
6 8.9768 #)/31.'7008%" + 8+ 2) + .3 | 40 45 59.04 |— 9 34.64} — 97 +  6/|—17! 6 23.38 
K 27.4067 {15.8260 e/+162} — .1 .0 | 40 41 16.05 |— 4 53.25 + 16/— 1/—9/|6 22.92 |45.8 
8 30.2430'") 9.2462 4]— 2) — .2 | — .6 | 40 27 31.40 + 850.94) +1.00}— 10 +18] 8 23.50 
9 28.7667 |20.2228 |+ 62) — .5 | — .2 | 40 34.53.55 + 129.78) — 5/)/— 10 + 3/6 23.27 
10 29.4787 |13.4423 |+203) —1.9 | —1.6 | 40 29 37.12 + 6 46.02) — 21)—-. 51 +12) 6 22.60 | 44.8 
IIT 1} R (80.2983 |14.6540 +338] —1.2 | — .6 | 40 42 59.69 |— 6 36.32 + 21/— 27 |—14] 9 23.26 |41.3 
-2 11.0698 # 35.3107" +119) + .4] — .8| 40 46 37.97 |—10 18.29| — 95 + 2 |—24/11 23.62 
3 8.3527 433.6310) 45 + .7| — .2 | 40 25 42.79 |+-10 39.32 + 94)/+ 8 +18} 5 23.36 
5 27.2093 |15.5683 +136) + .7| — .4 | 40 81 28.37 + 454.71) — 15 + 6/410] 7 23.16 | 40.0 
6 19.3260 |22.8913 |4+ 34) —2.3 | —1.4 | 40 87 53.53 |— 1 30.24} + 5/— 55/— 3/6 22.82 
"4 21.2880 |19.6697 j|1 4 + .7|— .2|4037 2.77|\— 40.98 + 2/+ 8/—1] 6 21.99 
8 17.2320 |23.8687 |+ 32! — .4| — .5 | 40 33 34.'74 + 247.90}; — 9/— 13 + 4/6 22.52 
or 9 14.0570 )27.8740 +116 —1.4| + .9 | 40 42 12.82 |— 5 49.68 + 19)— 11 /—10} 5 _ 23.17 | 39.9 
ay 
18 {II 1) D |18.2890 /24.5590 |+ 79} — .3 -0| 4039 1.73|— 238.75} + 9/— 5\|— 4/6 23.04 152.0 
Ps 21.8227 |16.8053 |— 32 +1.9 | — .0 | 40 88 29.73 |— 2 6.79 + "%|\|+ 30\/— 8] 6 23.34 
3 21.1150 |18.5097 |— 6] —1.3 | — .8 | 40 35 1% .53\=—) 5:86) se 3 eee + 3] 6 23.14 
4 21.6063 |19.6777 + 9) — .9| —1.5 | 408711.86/— 48.79 eS elses 22.82 
5 19.6657 |19,.8327 0} +2.1 | +1.0 | 40 36 26.48 |— 4.22}— O/;/+ 46|— 0] 8 22,80 
6 31.5723") 8.8167 H+ 11) +1.6 + .3 | 40 45 59.58 |— 9 35.44) — 97 + 29 |—17/ 6 23.35 | 52.4 
q 14.5333 26.1503 |-+ 82) —2.2 | — .2| 40 41 16.61 |— 453.84 + 16)— 388 |— 9/6 22.52 |51.6 
8 9.5340 4/30,5093%¥ 0; — .2 .0 | 40 27 81.91 |4+ 8 50.40/ +1.00)— 3 +18) 8 23.54 
9 17.6677 21.2073, |= 19 2 ea Oe Aen ano) + 129.46/— 5/— 5/4+.8/6 23.55 |51.1 
| 10 13.1960. 29.1993 +167; —-.1 + .9 | 40 29 37.68 + 6 45.09} — 21 + 10|+12] 6 22.84 |50.7 
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Levels, Corrections. The 
1895. | Star. | P Micrometer. at ang } = atitude. ts 
7 ss A B uC as : ) Micrometer. fo) 1 r |Mer| pees (GH, 
May | : ey ah ee Ve, O 
18 {IIT 1| D /12.2160 (27.9227 |+ 7 — .7|—2.0/40 43 0.16 |— 6 37.19] + 21|— 86 |—14) 9 |40 36 22.77 |48.6 
ee 2 33.4257!"| 9.1643 #}4- 49) — .1 | + .9 | 40 46 38.40 |\—10 13.62) — 95|-+ 10 /—24/11 23.80 
3 31.6787") 6.4143 4/— 47) — .3 | —1.0 | 40 25 43.30 |4-10 38.74) + 94])— 18 /|+18)| 5 23.03 
4 32.9903'"| 7.9407 #)4 21) —1.8 | —1.6 | 40 25 49.32 |+10 33.48] + 95)— 49/419] 6 23.51 
5 13.7330 [25.8873 |— 44| — .5 | — .3 | 40 31 28.83 |4+ 454.59; — 15|— 12 |+-10| 7 23.82 | 48.4 
May 6 21.5687 |17.97383 |\— '7| — .38| — .8 | 40 37 53.99 |— 1 30.90) + 5]— 15 |— 3) 6 23.02 |! 
22 HL 1) R (23.2150 |16.8917 |+ 2)4 .9|+ .2|4089 2.74/— 239.90} 4+ 9|/+ 17|— 4] 6 23.12 | 49.6 
2 17.1100 |28.1577 |+ 7) —1.2 | —1.1 | 40 38 30.78 |— 2 7.66} + 7|/— 383|— 3/ 6 22.89 
3 17.7933 {20.8290 |— 18) +1.9 | +1.9 | 40 35 17.53|+ 1 4.07; — 3/-+ 55/4 3] 6 22.21 |49.8 
4 19.2163 {21.2077 |— 2) —1.0/ — .2|408712:90/— 50.85} + 3/— 18/|— 2| 7 22.45 
5 20.9503 |20.77380 |4+ 1; —1.1 |} — .8 | 40 36 27.50 |— 4.49} — O}— 27 0/8 22.82 
6 8.4027 #31.20877|— 7 — .7 | —1.2| 4046 0.74|— 9 36.67| — 97|— 27 |—17| 6 22.72 |49.9 
7 26.0510 [14.3677 |4- 20) +1.6 | 41.7 | 40 41 17.79 |\— 455.48] + 16|)-+ 48 |— 9] 6 22.92 
8 31.6563'"|10.7547 4/4 8).— .6| + .1 | 40 27 38.01 |+ 8 48.55) +1.00} — 8/418) 8 22.74 | 49.9 
9 23.3850 |19.9000 \+- 52) — .6 | — .3 | 40 34 55.29 |-+ 128.26; — 5]— 18/4 3] 6 23.46 
10 28.1280 |12.1563 |+ 18) — .4| — .7 | 40 29 88.91 |-+ 6 43.79} — 21}— 11 |+12] 6 22.56 | 49.9 
III 1] R [81.8573 |15.6577 |+-478) + .2) — .2/4048 1.28 |— 6 38.20) + 21 0 |—14! 9 23.24 |47.4 
2 9.6063 #/33.9210%|-+ 65} — .2 | — .1 | 40 46 39.49 |—10 15.00} — 95|— 4 /—24/11 23.37 | 47.2 
3 8.4193 #/33.5987"|+ 46) +3.3 | +1.6 | 40 25 44.51 |4-10 36.82] + 94/-+ 73/418) 5 23.23 
4 8.6187 433.6077 49) + .7 .0 | 40 25 50.51 |+-10 32.01; + 95/-+ 11|-+19] 6 23.83 
5 25.4130 |13.8250 |— 39) + .9| + .3| 40 31 29.94 |+ 452.92} — 15|]-+ 18|+10| 7 23.06 |4'7.2 
6 18.6003 |22.2450 |+ 13) —1.4 | — .3 | 40 87 55.13 |— 1 82.20; 4+ 5|— 26/— 3] 6 22.7 
di 20.2147 |18.5660 |— 8) — .2|— 5/4087 4.33/— 41.67; 2;/— 9/—1]| 6 22.64 
8 18.3367. |24.9090 |+ 92) + .9| — .2 | 40 88 86.77 |+ 246.42;— 9/+ 12/4 4/6 23.382 |46.6 
am 9 13.4087 |27.2883 |+ 42) —1.9| + .2 | 40 42 14.29 |— 5 51.20) + 19}— 28|—10] 5 22.95 |46.6 
ay | ‘ 
23 |IL 1| D |16.5467 |22.8897 |— 16] —1.2 | — .2/4039 2.96|— 240.85} ++" 9]/— 22/— 4| 6 22.50 |61.6 
2 22.9833 |17.9160 |4- 20) + .9 | +1.8/40 38 81.02/— 2 8.19) + 7|+ 387|— 3/6 23.30 
3 22.4753 {19.9267 | 28) —1.4| — .9 | 40 35 18.87|4 1 4.52);— 3)— 34/-+ 3) 6 23.11 | 60.1 
4 21.5437 |19.53867 |+ 7) — .1})+1.6 | 403713.14|— 50.77)4+ 3)-+ 19/— 2/7 22.64 
5 19.4723 {19.6840 |— 1/ + .5 | —1.2 | 40 36 27.75 |— 5.85, —  O|— 7 0/8 22.41 
6 32.0083%"| 9.1977 #/+- 14) + .2|— 6/4046 1.00/— 9 36.84) — 97}— 4/17] 6 23.04 
% 14.7007 [26.8997 |4- 57) + .4/+1.4 | 40 41 18.07 |— 455.97; + 16|-+4 24 |— 9| 6 22.47 |58.6 
8 9.2497 4/30.1407%"|— 3) + .8 | 11.9 | 40 27 33.27 |+ 8 48.26) 11.00} -+ 37/418] 8 23.16 
9 18.2990 |21.7450 |— 0) + .6) + .8 | 40 3455.57 |+ 127.14;— 5/4 19/4 3] 6 22.94 
10 12.2617 |28.2170 |+ 31/4 .1 .0 | 40 29 39.21 |+ 6 48.54) — 21/+ 1 )|-+12)] 6 22.73 |58.4 
III 1} D |12.3080. |28.0753 |+ 25) — .2}+ .4/4048 1.57|\— 638.77} + 21/+ 2 /—14] 9 22.98 |55.6 
2 33.5757"| 9.2460 4/4 55} + .9 | — .1 | 40 46 39.78 |\—10 15.86] — 95} 4 18 |—24/11 23.47 |56.3 
3 82.3437") 7.1487 #)/— 12) —2.5 | — .9 | 40 25 44.84 |4+-10 37.07; + 94) — 51 |+18] 5 22.57 |56.3 
4 32.9980'"| 8.0103 #/+- 22) —1.9 | —1.9 | 40 25 50.83 |-10 31.91] + 95|— 55 |+19/ 6 23.39 |55.6 
5 13.1740 |24.7773 |—103) — .6 | —1.7 | 40 31 30.25 |+ 453.15} — 15) — 32/+10] 7 23.10 
6 22.4090 |18.7537 |4- 19} + .7|-+ .1 | 40 87 55.44 |— 1 32.48; + 5)+ 12|— 3] 6 23.16 
vi 19.4870 /21.1140 |+ 2) —1.2|—1.2|40387 464/— 41.15)+ 2)— 35|— 1/6 23.21 
8 23.8427 |17.2587 |+ 32] — .5 | — .9 | 40 88 37.07 |4+ 246.57; 9|}— 19|+ 4) 6 23.46 
May 9 27.5213 |18.6410 |+ 69) —1.6 |} — .2 | 40 42 14.59 |— 5 51.16; + 19] — .28 |—10| 5 23.29 |54.4 
28 {IL 1) R [25.4857 |19.0917 |+124) —1.1 | —1.0 | 4039 3.88 |— 240.73; + 9|— 30|— 4| 6 22.96 |61.8 
2 17.5180 |22.6170 |4 2) + .8]| + .6/ 40 38 31.99 |— 2 8.94) + 7)/+ 12/— 3) 6 23.27 
3 19.4987 |21.9843 |+- 15| 11.6 | +2.1 | 40 8519.91/+ 1 2.89;— 3]+ 52/4 3) 6 23.38 |61.1 
4 20.9440 /22.9743 |+ 41) 41.0} +4.0 |408714.12/— 51.48;4 3/+ 21/— 2/7 22.98 160.6 
5 21.8063 |21.57938 |+ 4)/— .7 | —1.7 | 40 36 28.71 |— 5.75; —  0}/— 33/— 0/ 8 22.71 
6 9.0747 4/31.9210%|4 12) + .1)+ 8/4046 2.14/— 9 387.74; 97|/+ 5 |—17| 6 23.37 |.60.4 
ve 26.8380 |14.6303 |+ 47) — .0| — .4| 40 41 19.26 — 456.04; + 16;— 5 |— 9/6 23.30 |.60.0 
8 31.1387*"|10.2653 4/4 3) — .1| — .1 | 40 27 34.87 |4 8 47.83) 41.00] — 3 /|-+18] 8 23.48 
y 22.6723 (19.2440 |+ 28) + .7 | 41.8 | 40 34 56.81 |4 1 26.76; — + 34/+ 3/ 6 23.95 
10 30.3203 |14.43873 |+329) — .1]-+ .2 | 40 29 40.48 |+ 6 42.46;— 21/+ 1 /-+12) 6 22.92 |59.0 
III i R {28.7387 |12.9400 |+117) — .4]-+ .4|4043 2.83 |— 6 39.79 + 21;/— 1/{|-14/ 9 23.19 |57.4 
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130 THE SAYRE OBSERVATORY. 


Levels. Corrections. | Ther- 
: sia ‘ / atitude. 
1895. | Star. | P Micrometer. (6! = - $(d-+ 0’) ares © | 5 ; an Latitude, /mom. 
May Ol aa Ola et fo) 
28 |III 2) R | 7.9107 %/32.2887%\4 4) .0| — .7 | 40 46 41.02 |\—10 16.45] —  95|— 9 |-24/11 |40 86 23.40 
8 7.1950 #/32.3230|\— 12] +1.5 | + .4| 40 25 46.27 |1-10 35.38) + 94) + 29/418) 5 23.11 | 
4 6.4070 431.8803'7|— 51] — .2 | — .2 | 40 25 62.24 +10 80.10) + 95|— 5 /|+19)] 6 23.49 | 
5 27.2697 |15.7700 |+151| — .6 .O | 40 31 31.59 |4 451.17) — 15|)— 9/410) 7 22.69 |57 3 
6 19.1537 /22.8610 |-- 33) —1.5 .0 | 40 37 56.85 |— 1 33.83] + 5|— 24/— 3] 6 22.86 |. 
7 21.9400 {20.2223 |+ 15) + .3 5/4087 6.04\— 43.47) + 2}/— 1/—1/6 22.63 155.8 
8 18.4503 |24.9193 |+ 95) — .4| + .4 | 40 83 38.47 |4 248.82) 9/— 1/|+ 4/6 22.29 
May 9 15,2607 |29.2067 |+270| -+-1.2 | + .8 | 40 42 15.95 |— 5 53.83] + 19)-+ 29 j/—10) 5 238.05 |55.8 
29, |II 1) D |15.8467 121.7423 |— 82/— .1/-+ .4/4039 4.05|— 241.52)/+ 9/+ 38/— 4/6 22.67 |'70.9 
2 23.5237 |18.4167 |4+ 43) + .4| + .8/ 40 38 32.18|— 2 9.25;+ 7|/+ 16|/— 3] 6 238.19 
3 21.4317 |18.9620 |+ 4)+ .2|-+ .5) 4085 20.11|+ 1 2.44,— 8/4 9/4 38/6 22.72 |69.9 
4 21.4857 19.3727 |4 @| + .7 | +2.3 | 40 8714.31 |— - 52.18; 4+ 3)/+ 40)|-- 2) 7 22.61 |69.4 
5 21.3008 21.5577 |1 4) — .4|— .1| 40 36 28.89 |— 6.52; —_ 0/)}—-8 0; 8 22.37 
6 33.6670) 10.7977 4/4. 57| +1.7 | +1.0|4046 2.85 |— 9 38.48) —.97| + 40 |—17]| 6 23.24 
q 15.6523 |27.3723 |+155| — .6| + .5 | 4041 19.48 |— 456.75) + 16/— 3/— 9/6 22.83 |69.4 
8 7.8933 4/28, 7387'"|_ 12] — .4] + .4 | 40 27 34.57 |+ 8 47.08 +1.00};— 1/|+18] 8 22.90 
9 18.7373 |22.1527 |+ 18) + .3/+ .3 | 40 3457.02 |+ 126.40; 5/4+ 9/+ 3/6 23.55 | 
10 13.4973 [29.4047 |+201| — .6 | —1.5 | 40 29 40.72 | 642.75] — 21|— 28/12) 6 23.16 169.3 
ITI 1) D |11.6770 |27.4983 i— 58) -0 | +1.4 | 40 43 3.06 |— 6 39.92) + 21|+ 18 |—14] 9 28.48 |'70.1 
2 32.9617") 8.5680 #/4 30) + .9 | — .8 | 40 46 41.24 |—10.17.04| — 95 + 48 |—24/11 28.55 
3 34.4820"| 9.3677 #/4+ 88) —1.0 | — .7 | 40 25 46.54 | +10 35.28 + 94}— 25/418] 5 22.74 |70.3 
4 32,2850] 7.3647 H]— 8] — .8 | — .1 | 40 25 82.49 |-+-10 30.13 + 95|— 14/+19] 6 23.68 
5 12.6780 |24.2077 |—157) + .8|-+ .7 | 40 31 31.84 /-+ 451.15|— 15/-+ 22/4110] 7 23.238 | 68.4 
6 21.6370 |17.9033 |— 9) + .6/ + .3| 40 87 67.11 |— 1384.39) 4+ 5/4 12\/— 6 22.92 |68.3 
q 19.4893 |21.2083 |+ 3)— .2|— .7|4087 6.29|— 43.48/+ 2/— 12/— 1] 6 22.76 
8 28.3887 |16.8920 |+ 9] + .8| — .2 | 40-33 38.72 |+ 244.30; — 9|— 15 + 4/6 22.88 | 68.4 
May 9 27.1227 |13.16138 |+ 17) + .8) + .1 | 40 42 16.20 |— 5 53.08] + 19 + 6/|—10} 5 25.382 | 68.4 
3 |IL 1) R /24.1580 |1'7.8063 |+- 55) —1.1 | —1.0| 4039 4.25|— 2 40.68] -- 9/— 30/\~ 4/16 23.43 | 80.0 
2 19.1713 )24.2953 |+ 79) +1.2| + .7 | 40 38 32.388 /— 2 9.77/14 7/+ 28|— 3/6 22.99 
3) 17.7260 |20.20838 |— 22] + .7| -+ .5 | 40 35 20.32 +1 2.59;— 3/4 17)|+ 3/6 23.14 |'79.2 
4 20.1123 |22.1670 |-+ 20) + .5 -0}403714.51|— 62.01;/4+ 3/4+ 8| 2/7 22.66 |'78.6 
5 20.9113 |20.6463 2} — .2| — .6 | 40 36 29.09 |— 6.71; — 0O/}— 10 0; 8 22.36 
6 9.4743 4/32 .3443i"| 1 22) + .8|— 1]4046 2.58 /|— 9 38.36] — 97 + 38/17] 6 23.17 |'7'7.4 
if 25.9797 |14.2317 |+ 11) +1.0| 41.1] 40 41 19.72 |— 4 57.10 + 16/+ 30\|— 9) 6 23.05 
8 31.6163") 10.7833 #}+ 7| + .7| + .8 | 40 27 34.78 |+ 8 46.82 +1.00}-+ 15 +18 8 23.01 | 77.6 
9 23.2053 |19.8020 |+ 44) + .7) + .2 | 40 3457.26 |+ 1 26.17) —/ 5 + 13 /+ 316 23.60 
10 30.1153 |14.2613 300; +1.0| + .6 | 40 29 40.97 |+ 641.65] — 21])-+ 238/412] 6 22.82 |'7'7.4 
IIL 1) R |27.5983 11.7818 /— 48) — .4| + .8|40 48 3.29 |— 6 39.85 + 21;/— 2/14] 9 23.58 |'75.4 
2 6.8187 :: 31.2177%"|— 41 -0| + .2 | 40 46 41.47 |—10 16.87; — 95)/-+  2-\—24/11 23.54 : 
3 7.4980 #/32.6020%/1. 2} 11.7] + .2 | 40 25 46.80 +10 34.80) + 94/-+ 30/418] 5 23.07 
4 6.9937 131.8797!) 23] +. .8 -O | 40 25 52.75 |4-10 29.23] +- 95]-+ 18/419] 6 23.31 |'73.9 
5 26.1163 {14.6037 |4+- 85) — 1] — .8 | 40 31 82.08 |-- 451.90) — 15)— 5 +10) 7% 23.25 
6 19.3837 (23.1080 |-+ 40) —1.1 | — .3 | 40 37 57.36 |— 1 34.28 + 5)— 21/\— 3/ 6° 22.95 |'73.5 
7 21.5640 {19.8287 |4+ 9] + .2 0/4037 6.40/\— 48.90/+ 2/+ 38/— 1/6 22.60 
8 16.8610 |23.3508 |-_ 6]/— .9 0 | 40 33 38.96 |-+ 244.11; — 9|— 14/4 4] 6 22.94 
June 9 14.5947 |28.5303 +188] —1.2 | — .8 | 40 42 16.43 |— 5 52.86 + 19}— 29 |—10| 5 23.42 |'74.3 
7 {IL 1) D/18.8887 24.8987 |-+- 89 +1.4|+1.1]4039 5.92/— 243.07/+ 9 + 386 \— 4| 6 23.32 | 62.8 
2 22.5780 17.3740 |— 1] -£ .4 + .6 | 40 38 34.13 |— 211.54)/-+ 7 + 14\— 3/6 22.83 | 63.4 
3 22.5817 |20.2090 |+ 29) + .4 +121 | 40 35 22.19/+ 1 0.07) — 8 + 20/4 38] 6 22.52 | 63.1 
4. 21.6313 |19.4920 + 8/-+ .9| +1.5 | 40 87 16.29 |— 0 54.12 + 38/+ 33\/— 2| 7 22.58 
5 20.3100 |20.6490 + 1+ 5] + .8 | 40 36.30.87 |— 8.57; + O;-+ 12 0| 8 22.50 |62.3 
6 32.1707") 9.20977 ii + 17) +1.5 .0|40 46 4.62 /— 9 40.65| — 97 + 24/17] 6 23.13 
yi 14.0548 ‘125.9080 |— 5)/-+ .4 .0 | 40 41 21.85 |— 459.78] +- 16 + 6/—9]6 22.31 |60.9 
L268 9.7050 #30. 4540iv + 1) +2.0] +1.9 | 40 27 36.79 |+ 8 44.68] +-1.00 + 56/418) 8 23.29 
| 9 ie fo 23.1640 |+ 44) +41 + 4/40 3459.46/+ 123.48;— 5 + 22)\/+ 3] 6 23.20 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 131 


; Levels. Corrections, = 
1895. | Star. ‘icrometer. FES eer aon age rs tude. ie 
* eS : A B a Micrometer. J i r |Mer Fed LOU, 
June CO an ow ) 
% |IT 10| D 13.0063" |28.7970 |+125) +1.4 | + .2/40 29 48.26 |+ 6 39.61); — 21|-+ 25 |+-12| 6 |40 36 23.09 |60.6 
IIE 1) D /13.2877 )29.2020 |+172) + .2/+ .1/4048 5.57 |\— 6 42.86) 4 21 4 |\—14| 9 22.91 159.8 
2 82.7150!) 8.2147 4) 18) + .6| + .6 | 40 46 43.72 10 19.58) — 95|-+ 17 |—24/11 23.25 |57.8 
3 34.6850'7| 9.6937 + 96) — .9 | — .4 | 40 25 49.87 |-10 32.19] + 94) — 19 |+18] 5 22.54 
4 32.5980'"| 7.7937 4/41 9) —1.8 | —1.5 | 40 25 55.28 |--10 27.24) + 95|— 48/|+19] 6 23.24. 
5 13.5697 (24.9813 |— 73) — .8| — .4]| 40 81 34.50 |-L 4 48.38 15 10 |+10| 7 22.80 |56.6 
6 22.5513 .|18.73893 |+ 22) + .38) — .8 | 40 37 59.87 |— 1 86.45) + 5|/— 5|— 3] 6 23.45 
1 19.7343 |21.5827 |+ 9) +1.3/41.5|4037 8.83|\— 46.76/+ 2/+ 40|— 1] 6 22.54 
8 24,2300 {17.8228 |4- 58) —1.0 | —1.2 | 40 38 41.46 |+ 2 42.18 9 3L |+ 4} 6 23.34 
4 9 29.0423 |15.0190 |+-247| —1.0 | —1.5 | 40 42 18.86 |— 5 55.23) + 19|— 35 |—10) 5 28.42 |56.8 
une 
TI 1) R |24.1690 |17.7060 |+ 54) +1.5 | +1.2|4039 6.07 |— 2 48.56 9 39 4/6 23.01 | 66.3 
2| (18.9847 |28.4908 + 42/4 .8| + .4| 40 38 34.30|— 211.74, + 7/4 18|- 3] 6 22.84 
3 20.1853 \22.5097 28 .2| +1.1 | 40 35 22.87 /4 1 0.11 3 17 |+ 3} 6 22.71 |65.1 
4 19.8990 |22.0437 18 4 2/4037 16.4% /— 54.28) 4+ 3)/+ 4)— 2) % 22.31 
5 21.8490 21.0060 + 3 .O | — .5 | 40 86 31.05 |— 8.68; — 0|;— 6 0| 8 22.39 
6 9.3100 #/32.2683!"/ 4. 20) —1.2 | —1.5 |4046 4.82 |— 9 40.59] — 97)— 388/17! 6 22.77 
if 25.2997 |13.4573 |— 65) — .9 | —1.3 | 40 41 22.08 |— 459.29) +. 16) — 31/|— 9! 6 22.61 |63.9 
8 30.1337") 9.3610 *|— 2) — .4| — .4-| 40 27 36.99 |-+ 8 45.27) +-1.00 11 |+18| 8 23.41 
9 22.1797 |18.8700 |+ 15) 41.2] + .3 | 40 3459.69 |4 1 23.73; — 5)|-+ 23/4 3) 6 | 23.69 
10 28.2003 |12.4153 |+ 41) + .2/ + .8 | 40 29 43.51 |+ 6 39.26] — 21|/4+ 13 |412] 6 22.87 |63.1 
III 1) R.|28.6140 |12.7123 |4+ 91) —1.2 | — .8|4048 5.84 |— 6 42.33] + 21|— 29/14] 9 23.38 | 61.0 
2 10.0540 #/34.541'7i7/1 91| — .7 | + .2 | 40 46 44.06 |—10 19.44) — 95|}— 8 [+ 24]11 23.46 
3 6.6037 #)31.6060!",— 42) +-1.4 .0 | 40 25 49.68 |4+10 32.12} + 94]+ 22|418)] 5 23.19 |59.8 
4 7.2143 4132.0743'"|— 15) — .9 -4 | 40 25 55.59 |-10 27.07 95 19 |+19} 6 23.67 
5 28.0053 16.6190 |+-227) —1.1 -5 | 40 81 84.80|+ 4 48.50) — 15|— 24|+10| 7 23.08 | 58.9 
6 18,5807 |22.4400 |+ 18) — .1 .0| 40 88 0.19 |\— 1387.63} + 5|/— 1/— 8/6 22.63 |58.4 
ch 21.4267 |19.5900 |+ 6) — .2|— .6|4037 9.85/— 46.46;+ 2);— 10|— 1) 6 22.86 
8 18.3747 |24.7207 |+ 85) — .7| + .5 | 40 33 41.78 |4- 240.68; — 9/— 4/4 4/6 22.48 
June 9 13.8253 27.8707 |+103) —2.0 | —1.2 | 40 42 19.17 |\— 5 55.42) +. 19|— 47 |—10| 5 23.42 |58.8 
9 |II 1] D |17.1897 (28.6450 |4 24 .0} — .6 | 40 89. 6.22 |— 248.29) + 9)/— T7\— 4] 6. 22.97 |69.4 
2 22.1483 |16.9603 |— 19 a0) .O | 40 88 84.44|— 211.14);+ 7 0 |— 3/ 6 23.40 | 69.4 
3 21.9847 {19.5997 |+ 15 .O.| +1.3 | 40 85 22.55 |+ 1 0.35;— 38/-+ 16/4 3] 6 23.12 | 68.6 
4 20.5217 |18.38697 |— 10 .0 | +1.0 | 40 8716.68/— 54.39)4 38)-+ 18)— 2| 7 22.45 
5 18.3280 |18.6603 |— 5]/ 41.0|-+ .7 | 40 36 31.21 |— 8.52; + 0);+ 25 0| 8 28.02 
6 30.7057") 7.'7273 #1] — 20) +1.2| + .7|40 46 5.02|— 9 41.00;— 97] -+ 28 |_17| 6 28.22 
ac 14.2028 |26.0520 |-+ 138 .0| + .2| 40 41 22.29| 459.67; 4 16)/1 2/— 9/6 22.77 | 67.4 
8 9.5247 #/30.2777"|— 1} +-1.3 | 11.7 | 40 27 37.19 |4 8 44.77) +1.00| + 43/+18] 8 23.65 
9 16.7587 |20.0343 |— 47/ + .7) +1.1 | 40 3459.91 /4 122.71); — 5 25 3| 6 22.91 
10 12.5820 /28.2918 |+ 55 .0| + .4| 40 29 43.74 |+. 6 88.64) — 21 5 |+12] 6 22.40 | 65.6 
IIL 2) D |30.5783%") 6.0607 #/— 66) — .2.| — .4| 40 46 44.23 10 19.80; — 95|};— 8 |—24]|11 23.27 |65.8 
3) 34.4747") 9.5160 #/+ 88) — .7 | + .2 | 40 25 49.98 |-10 31.85] + 94)/— 8|+18] 5 22.42 
4 31.2170%"| 6.4213 #|— 53] —1.9 | —1.4 | 40 25 55.88 |-10 26.87) + 95|— 48 |+19| 6 23.47 | 63.6 
5 13.0820 |24.4847 |—127| — .5 | — .7 | 40 31 35.08 |4 448.02) 15|)— 17/+10| 7 22.95 
6 22.3390 |18.4723 |+ 138) — .7| — .4|4038 0.48 \— 1 87.81;+ 5/— 16|— 38/ 6 22.59 | 63.1 
q 19.2793 21.1253 |+- 1/— .7|— .8|4087 9.65|— 46.68) + 2/)/— 21|/—1]|6 22.83 | 63.2 
8 25.6367 |19.2757 |+184| —1.6 | — .4 | 40 33 42.08 /+ 241.19;— 9|— 380|+ 4) 6 22.98 
June 9 27.7983 |13.7207 |+ 938) — .2| — .4 | 40 42 19.47 |— 5 56.21; + 19|/— 8\|—10| 5 23.82 |62.4 
11 |IT 1) R |24.8550 |18.388538 |+ 91) 41.6 | +1.2 |4089 6.51 |— 243.83) + 9)/+4 41 |/— 4| 6 23.20 |71.3 
2 17.5980 {22.8203 |+ 9 0 .0 | 40 38 34.76 |— 212.08; + 7 0 |— 8| 6 22.78 |70.3 
8 19.5537 (21.9857 |+ 14) — .6| — .9 | 40 35 22.89/4+ 1 0.27;— 3]— 21/4 3) 6 23.01 
4 20.1167 |22.2550 |+ 22) + .9 .0|40 3716.95 |— 54.138) 4+ 3)/+ 14); 2/7 23.04 
5 21.2330 |20.8940 + 1/ —1.8 | — .8 | 40 36.31.53 — 8.57 0|— 39 0; 8 22.65 
bad 8.9250 4/31.8933%"|+ 11) —1.4| — .6| 4046 5.40|— 9 40.82) — 97|— 33 |—17| 6 23.17 | 
| 7 (26.8537 (14.4820 | 43] 11.1] + .4/'40 41 22.69|— 5 0.31/+-16/+ 22/9/16] | 22.78 |'70.1 
| 8 31.1860" 10.3847] 91 + 14] — .5 | 40 27 37.56/4 844.74 -11.00/— 5 {4188 | 23.51 | 


132 THE SAYRE OBSERVATORY. 


Levels. Corrections. 
5 re ; —— 1 Latitude, 
1895. | Star.| P Micrometer, C r 2 3(d +04 ) ee oe 5 ; a Pre 
June : OV well One a 
11 {IT 9] R 22.5973 19.8177 |-+ 27) + .4|)-+ .7/40 385 0.88/+ 123.00; — 5/-+ 15/+ 8) 6 |40 86 238.52 
10 28.9590 |18.2180 |+148) + .5) + .8 | 40 29 44.18 |4 6 38.41; — 21|)-+ 12/412] 6 22.68 
III 1} R /29.8938 |13.9723 |+268) — .6| + .8/4048 6.55 |— 6 48.27) + 21;— 5 |—14] 9 23.39 
2 8.46387 1/32.9933'7/+- 28) — .2 .0 | 40 46 44.69 |—10 20.84] — 95|— 38 | 24/11 23.24 
3 7.2077 432.6773) 8) +1.6 | + .4 | 40 25 50.58 4-10 31.42} + 94)+ 380/418] 5 23.42 
4 6.3417 4/31.0987'")— 56) + .1] + .2 | 40 25 56.42 |410 25.88} + 95)+ 4/419] 6 23.54 
5 26.7723 |15.4273 |-+108) — .2| — .6 | 40 31 35.61 |+ 447.15] — 15|— 10/+10| 7 22.68 
6 19,9240 |23.7963 |+ 64) —1.9 | —2.1 | 40 88 1.04/— 188.08; + 5/]— 57 |— 8/] 6 22.47 
4 20.3847 18.5023 |— 8] -+ .6|— .1|403710.19|/— 47.58) + 2/+ 8/1] 6 22.76 
8 17.1523 |23.4870 |— 8] — .3 .0 | 40 83 42.54 |+ 240.16;— 9/— 5/4 4| 6 22.66 
June 9 12.8070 |26.8940 |— 19} —2.1 | — .7 | 40 42 20.02 |— 5 56.17; + 19|— 42 |—10)| 5 23.57 
14 |II 1) D |17.7188 |24,1957 |4- 55) — .7 | —1.6 | 40 89 7.02 |— 244.06/+ 9/— 81/— 4/16 22.76 
2 22.9047 17.6637 |4- 13) +-1.0 | — .1 | 40 88 35.31 |— 212.56; + 7)/+ 14/— 38] 6 22.99 
3 21.6937 |19.383887 |+- 13} —1.9 0 | 40 35 23.47 |4- 59.58) — 38]— 380/+ 3] 6 22.81 
4 21.4490 |19.2847 |-+ 5)— .6)/— .1/403717.50\— 54.74) + 8/— 11\/— 2/7 22.73 
5| 20.8583 |21.2147 |+ 1) — .6| —1.8 | 40 36 82.09 |— 9.01);+ 0] — 82 0; 8 22.84 
6 31.6827'"| 8.6793 4/-+-. 4) + .9|-+ .2)/4046 6.04|— 9 41.69] — 97]+ 17/17] 6 23.44 
i 15.8190 [27.1960 /+-129) —1.1 | — .2| 40 41 23.36/— 5 0.66] + 16|— 20/— 9/6 22.63 
8| | 9.6980 /30.4120"|-+ 1] — .2 | 41.8 | 40 27 88.18 |-+ 8 48.79] 41.00] + 33/418] 8 23.56 
10 14.2817 /29.9997 |+-292| -++ .9 .0 | 40 29 44.91 |4 6 88.20] — 21])-+ 14 |412] 6 23.22 
June 
16 |IT 1) R 24.2227 |17:7297 |4+- 55; — .1| — .4|40389 7.41/— 244.33/4 9/4 6\|— 4] 6 23.25 
23 [II 1) R |23.7480 |17.2060 |+ 27/4 .4|+ .8|4089 8.11|— 245.87) + 9/4 16/4] 6 23.01 
2| 17.8683 [23.1787 |4- 24| +1.4 | +1.1 | 40 38 36.77 |— 214.34; + 7/4 36|— 3] 6 22.89 
3 19.7780 /22.0423 |-- 17) 4+-1.7/ + .4| 40 35 25.10|+ 57.30; — 3]+ 82/4 8] 6 22.78 
4 22.5267 [24.7527 | 71) — .6| — .1 | 4037 19.07|— 56.47) + 38)/— 11/— 2/7 22.57 
5 21.3457 |20.9237 |+ 3) — .4| —1.2 | 40 36 33.69/— 10.68) — 0]|— 22 0/8 22.87 
6 8.3750 #/31.4657'"|— 3} + .6}-+ .1/ 40.46 7.92/— 9 48.88] — 97]+ 11/171 6 23.07 
7 27.1063 |15.1240 /+-116) +-1.6 | + .6 | 40 41 25.39|— 5 3.29/+ 16|/+ 383|— 9/6 22.56 
8 31.2247'7/10.5940 #/+ 3) — .2 | — .1 | 40 27 89.88 |4- 8 41.69] +1.00|/— 4 +18) 8 22.79 
9 23.1967 |20.0857 |+ 45) +-1.2) + .7|4035 3.16/4+ 120.05) — + 28 /+ 3| 6 23.53 
June} 10) 27.7537 |12.1127 |— 10) +1.4 | +1.8 | 40 29 47.17 |4+ 6 35.48] — 21 + 39 |+12] 6 23.01 
25 {II 1) D |14.1547 /80.2363 |+-809] + .1 |} — .1 | 40 43 10.23 |— 6 47.48 + 21 0 |—14! 9 22.96 
2 32.4520'"| 7.7807 #4. 6) — .7| — .9 | 40 46 48.38 |—10 23.87] — 95|/— 22 |—24111 23.21 
3 33.8760'"| 9.0720 #)4- 63) —3.2 | —2.5 | 40 25 54.86 |4-10 27.87] + 94} — 83 +18] 5 22.57 
4 34,4643"! 9.6690 *)4- 87/ — .8 | — .3 | 40 26 0.70 |+10 22.16] + 95 |— 17 +19/ 6 23.89 
5 18.7650 |24.9910 |— 62] + .2| —1.1 | 40 81 89.76 |4+- 443.71/;— 15|— 11 +10/ 7 23,38 
6 21.5280 |17.4810 |— 19) — .4| —1.0 | 40 88 5.37 |— 1 42.29/44 5/— 19/— 3] 6 22.97 
Hf 20.9603 |23.0240 |+ 35| — .6] — .2|408714.59|— 52.97 + 2/);— 12\— 1] 6 22.27 
8 24.1300 {17.9880 |-+- 57/ —2.2 | —1.8 | 40 38 47.07 + 236.72;— 9|— 58)/+ 4] 6 23.22 
; 9 26.0660 {11.7820 |—135| — .4| — .9 | 40 42 24.88/|— 6 0.85/-+ 19/— 18 |—10| 5 23.49 
June 
28 |IL 2) D |21.2948 |15.9797 |— 64) —1.2 | — .9 | 40 88 37.87 /|— 2 14.23 + 7/— 81/— 3/6 22.93 
3 21.7467 19.5187 |4- 11] — .8 | +1.0/ 40 35 25.81/4+- 56.49;— 8 0/+ 3/6 22.36 
4| 21.2400 [18.9697 |+ 1)+ .8|441.7|408719.7%5|— 57.41/+ 8/+ 35\~ 2/7 22.77 
5 20.1957 |20.6820 |+ 2] +1.2|) + .5 | 40 86 34.35|— 12.30/— 0 + 26 0; 8 22.39 
- 6 32.3000!) 9.1687 #)/+ 20) +1.0] + .6|/4046 8.72/— 9 44.97] — 97 + 23 /—17| 6 22.90 
une 
29 Il 2) R 17.4157 122.7807 |+ 38) — .4|! — .8 | 40 88 $7.62 |— 214.41 + %/— 18/|— 3/6 23.03 
8} (20.1890 22.4210 /+ 26/4 .6|+ .2|403525.96/+ 56.51;— 3/+ 19/4 2/6 22.64 
July 4 21.0497 |23.3063 |-+ 44) —1.0 | —1.5 | 40 87 19.89 |— - 57.17; + 8|— 40/— 2) 7 22.40 
9 /III 1) D /12.0237 [28.2757 |+ 21 +8,3 | +1.5 | 40 48 13.66 |— 651.01] + 24/4 72 |-15] 9 23.55 
2 32.5520) 7.7383 H/+ 7) — 1] + .8 | 40 4651.87 |—10 27.60! — 91 + 2 |—25 /11 23.24 
3)  /82.8327"| 7.7103 ]4+ 1] 1.6 | — .7 | 40 25 59.02 |+-10 22.62] + 92/— 84/418] 5 22,45 
4 33.4710) 9.0440 4/4 50} —2.6 | —1.8 | 40 26 4.84 +10 17.81) + 92}— 64/+19] 6 23.18 
5 14.2653 [25.3157 |— 21] — .5 | — .8 | 40 31 43.83 -+ 439.88] — 16|/— 18/4 9|7 23.03 
6 21.6767 [17.4547 |— 17] + .6 + .1/40 88 9.80|\— 146.72;}+ 6|+ 12\|— 3/6 23.29 
q IU aoe — ‘i —1.0 | —1.2 | 40 37 19.00 eal 56.22; + 4/— 31 |— 2] 6 22.55 


| 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels. Corrections. 

1895. | Star. | P Micrometer, C $(d + d/) es a as 
A B Micrometer. fo} r |Mer 

July oa OH) 

9 jIII 8) D 122.4037 |16.4300 |— 32 +1.2 | +1.6 | 40 33 51.56 |+ 230.97) — 9|-+ 40/4 4] 6 |4 
9 26.9293 |12.4827 |— 46) +1.6 | + .2 | 40 42 28.86|— 6 6.46;/+ 221+ 28 |—10| 5 
IV 1] D |19.8273 |17.8827 |\— 18} — .3|— .6|403712.07/— 49.18) + 3/— 12/— 2/13 
2 21.5510 |22.9260 |-- 27) —3.3 | —2.7 | 40 8658.27|\— 84.84) + 2/— 8% /— 2/11 
| [12.6898 [28.8013 |+-105| + .6| — .6 | 40 29 34.94|/+ 6 47.69) — 23/4 2/412) 7 
4 22.9277 |17.3900 | 7) — .4|— .4 | 40 88 42.88 |— 2 20.05/-+ 8}/— 11/— 5/10 
5 12.4783 |29.0767 |+-110 .O | —1.3 | 40 29 22.383 |+ 7 0.12); — 24 = 16-2136 
6 30.6843'"/11.691043— 9) — .9 + .1 | 40 28 21.388 /+ 8 0.26) +1.00|— 18 13) 5 
a 14.0257 /28.6473 |+-1'71) +1.7 | +1.7 | 40 30 12.25 + 610.17) — 21|-+ 49 /+10] 6 
8 27.8570 11.4508 |— 50) — .5 | — .5 | 40 43 18.07 |— 654.75) 4+ 24}— 14/13] 7 
9 18.9283 |22.7583 |+- 28) +2.4 | 138.1 | 40 37 58.95 |— 187.05) + 6/-+ 78 |— 3/11 
10 17.0430 26.5627 |+151) —1.1 | + .2/40 40 24.22|— 4 1.10)/+ 14|— 15 |— 7) 6 
July} 11 6.2153 "/33.5000%|—_ 9] +1.8 | — .1 | 40 24 51.80 |+-11 29.92; + 88/-+ 27 |+20| 6 
10 |III 1) R |27.97938 ‘11.7290 — 22) —5.3 | + .% | 40 43 138.86 |— 6 50.86; + 24/-+ 17 |—15| 9 
2 7.5500 “/32.5708'"|4. 8) — .6| + .1 | 40 46 52,08 10 27.683} — 91/— 8 |—25/11 
3 8.4627 1/33.0730'|+ 24) 41.1 | +- .1 | 40 25 69.27 |-10 22.88] + 92) + 19/418) 5 
4 8.2467 1/382.6333%" + 17) + .2|— .4|4026 5.09|+1016.70) + 92/— 2|-+19)| 6 
5 25.9017 |14.8890 89| — .4|+ .4740 31 44.08 /+ 438.57;— 16;/— 1)/+ 9| 7 
6 18,7977 |28.03883 |-- 84) + .2]|-+ .8 | 40 38 10.07 |— 147.19] ++ 6]-+ 18|— 3) 6 
7 22.8383 |20.0600 | 24) +1.8 | +1.4|40 8719.28|— 57.67)+ 4)-+ 4AT/— 2] 6 
8| 18.6297 [24.5760 |+ 84) + .6| + .9 | 4083 51.84/+ 230.58) 9/+ 21|+ 4/6 
July 9 13.0013 {27.4973 |+. 38] +1.7 +1.6 | 40 42 29:94 |— 6 6.64] --- 22]-— 48 |—10) 5 
12 |IIT 1) D |12.9360 |29.1988 |159) + .8 | + .2 | 40 43 14.29 |— 651.55; 4+ 24)-+ 15 |—15]| 9 
2 34.2687") 9.4357 4/1 78 0 .0 | 40 46 52.52 |—10 28.14| — 91 0 |—25 |11 
3 33.3723'%| 8.7760 4] 45) —2.0 | —1.0 | 40 25 59.81 |+10 22.07) + 92])— 45 +418] 5 
4 34.8718'"}10.5027 4/102} — .2 | —1.0/ 40 26 5.62/+1016.46) + 92]— 16 |+-19) 6 
5 13.8503 |24.8830 |— 62] — .8| — .6 | 40 31.44.60 |+- 4 88.82); — 16|— 12)\/4 9| 7 
6 21.9190 |17.6607 |— 8] -+ .8| —1.1 | 40 88 10.63 |— 147.66/+ 6|/— 1|— 3) 6 
q 18.1017 |20.8673 |— 15)+ .1/+ .1/403719.84|— 57.25)+ 4)/-+ 3/— 2/6 
8 23.8583 {17.9020 | 47) —1.4 | —2.0 | 40 83 52.41 |-++ 230.73; — 9|— 48)]-+ 4] 6 
9 26.2900 {11.7940 |—120} —1.4 | —1.2 | 40 42 29.70 — 6 6.25) 4+- 22]/— 48 |-—-10) 5 
IV 1] R 21.8887 |23.3067 |4- 42| — .2|— .1/4038712.77|\— 49.87)+ 3)/— 4 |— 2{13 
2 20.4257 {19.0227 |— 2) —1.6 | —1.5 | 40 3658.99|— 35.47/-+ 2/— 44|/— 2)11 
3 28.3563 |12.2670 |+ 40) — .5 .0 | 40 29 85.72 |-+ 6 46.96] — 23}/— 8|+12) 7 
4) 19.4160 |24.9667 |--105| + .2| + .6| 40 88 43.09 |— 2 20.62;-+ 8/-+ 10|— 5{10 
5 28.7690 |12.1'747 |+ 67) — .8 .0 | 40 29 23.11 |-+ 659.79) — 24)— 5 |+12) 6 
6 10.4800 4)29.3883 7%" 0) +1.8 | +1.1 | 40 28 22.15 |+ '7 59.28) +1.00 | + 48 |+-13]| 5 
July 8 13.3633 (29.7870 |-+-225) + .4| + .6 | 40 48 18.79 |— 6 55.87 24)/+ 138 /—13) 7 
16 |III 1] R |31.8050 {15.0590 |+450) — .6| + .1 | 40 43 15.80 |— 6 51.95) + 24)/— 8 /—15/ 9 
2 8.0400 #/32.9140'"|1 20) —1.1 | — .1 | 4046 53.56 |—10 29.03} — 91|— 19 |—25 /11 
3 5.9057 4/80.4547i"|— 72) +-1.6 -+-1.9 | 40 26 1.08 |-++10 20.58) + 92/-+ 50 +18} 5 
4 5.8500 4/30.1907 y—_ 75) — .6 .0 | 40 26 6.84 /+10 15.31} + 92}/— 9/)|+19) 6 
uf 22.7708 |20.4620 |+ 33} — .6 | — .8 | 40 87 21.16, 58.45)4- 4/— 12 |— 2) 6 
8 19.8490 |25.2287 |+118) — .5/-+ .6 | 40 83 58.75 |-+ 228.98; — 9 0 |-+ 4] 6 
9 12.5180 (27.0713 |— 29) —1.1|— .4] 40 42 31.04/— 6 7.93) + 22])— 22 |—10/ 5 
1V 1] D /18.2087 |16.1787 |— 51) + .6|— .1/408718.90/— 51.08/-+ 38/-+ 6/— 2)18 
| 2 21.0527 |22.6147 |+ 24| — 3) -+1.2/40387 0.18/— 87.08; + 2/-+ 10|— 2]11 
3 16.8187 {82.8353 |+-672) — .4| — .6 | 40 29 86.94 |+ 6 46.83} — 23)— 14 |-+-12) 7 
4 22.5293 |16.9120 |—- 15 + .6 | — .2 | 40 38 44.22 |— 2 22.01; + 8/+ 56|— 5/10 
5 12.2798 |28.8873 |+ 79} — .5 | —1.5 | 40 29 24.83 |-+ 6 58.90} — 24)— 27 |4-12) 6 
6 80.6567!7/11. 7238 1/— 11) —3 0 | —1.9-| 40 28 23.84 |+ 758.74) +1.00] — 72 |+13)/ 5 
q 18.2600 |27.8180 |+ 67} 41.0} +1.3 | 40 30 14.17 /+ 6 8.29] — 21|-+ 82 |+-10| 6 
8 27.1617 |10.6780 |—156]/ + .7 | — .6 | 40 48 19.88 |— 656.42) + 24/-+ 38 |—13| 7 
9 18.0097 |21.8687 |— 2) — .2|— .9|4088 0.52 |— 1387.58) + 6/— 14/— 3/11 
| ss, 16.1557 |25.7617 |+ 80) — .7} — .1/40 40 2594|— 4 3.11) + 14)/— 12|— 7| 6 
* Hurried and e. e. f. 


Latitude, 


23.19 
22.56 


22.70 


22.79 
23.04 
23.28 
23.45 
23.29 


23.26 
23.28 
22.67 
22.74 
23.06 


28.02 
23.31 
23.59 
22.39 
22.90 


Ther. 
mom, 


134 THE SAYRE OBSERVATORY. 


Levels. Corrections. 


‘ Pen Oe a i itude. Ther- 
1895. | Star. | P Micrometer. Cc i - 3(0 + 0/) aiticiek 5 ; Pee Latitude. Rice 
July Cul Baus Ovi 
16 |TV11) D| 6.9623 4/34.1857'7|4+. 39) — .1 | — .1 | 40 24 53.44 |11 28.49] + 88|— 3]+20] 6 |40 36 23.04 
July| 12 26.0837 |13.5750 |— 25) 4+ .2| —1.8 | 40 41 37.31 |— 514.98) + 19|— 20 /—10| 7 22.29 |64.0 
18 |TII 1) DJ13.2100 /29.5270 |-+-192] + .7 | +1.1 | 40 43 15.79 |— 658.09) + 24]-+ 25 |-15] 9 23.13 |69.8 
2 33.3750"| 8.4653 1/4+ 41) + .9 | —1.4 | 40 46 54.07 10 29.99, — 91}/— 8 |—25]11 23.00 | 68.6 
3 33.7843") 9.2318 #/-+- 59} —1.0 | —1.3 | 40 26 1.63 /+1019.75; + 92]— 382 |+18] 5 22.21 
4 32.4790 8.1763 #|/+ 13) — .5| — .7|/4026 7.45 /4+1014.57) + 92]— 17 )+19|.6 23.02 
5 14.6930 |25.6330 |-+ 16) — .6 .0 | 40 31 46.42 | 4 36.68] — 16]— 16 |+ 9] 7- 22.94 |67.3 
6 22.0387 |L7.7177 |\— 6 m0) .0 | 40 85 12.58 |— 1 49.25) + * 6 0 |— 3/ 6 23.42 
it 18.9940 |21.5243 |-+ 65) —2.0|— .2/403721.88|\— 58.94;+ 4]— 34|— 2] 6 22.63 | 67.6 
8 22.8820 |17.01638 |— 2) — .4| — .1 | 40 33 54.44 /+ 228.32;— 9 8 |-++ 4] 6 22.69 
9 28.0423 |13.4737 |-+ 96) + 6} —1.2 | 40 42 31.73/+ 6 8.64) + 22!— 6/—10] 5 23.20 | 66.4 
IV 1) D|21.5750 /23.5943 |+ 48) — .5|— .7|408714.52|— 51.18;-+ 38)/— 17 |— 2/18 23.31 | 63.9 
2 17.8937 |16.4080 |— 39) —1.7 | —2.1 | 4037 O.78|— 87.47; -+ 2|/— 54 /— 2/11 22.88 
3 30.4107 |14.4193 |-+-335) —1.9 | — .1 | 40 29 37.63 |-+ 6 45.22} — 23|— 382 |+12]| 7 22.49 
4 18.1880 |23.7790 |-+ 48) —1.1 | -+ .2 | 40 38 44.87 |— 222.76; -+ 8|— 15 |/— 5/10 | 22.09 |63.5 
5 29.1507 |12.6387 |+128) —1.3 | — .2 | 40 29 25.03 |4- 6 57.86] — 24]}— 23/412] 6 22.60 | 63.5 
6 10.1543 #)29.0247'"|4- 3] +-3.0 | +1.3 | 40 28 24.02 |+ 7 57.18] 41.00} + 64/413] 5 | 23.02 | 62.5 
fi 27.9000 |13.38703 |-+- 80) — .8| — .3| 40 30 14.85 |+ 6 7.61) — 21]— 17/-+10] 6 22.24 
8 10.9790 |27.4700 |—111] —2.0 | — .5 | 40 48 20.58 |— 6 56.72) + 24]— 88 |—13] 7 23.61 
3 21.5653 |17.6790 |— 14) — .6 | — .8| 4038 1.09|— 138.24/4+ 6]/— 18/— 3]11 22.81 | 62.0 
10 24.8950 |15.2590 |+ 6) +1.1 .0 | 40 40 26.56 |— 4 3.68/4+ 14/4 17/|— 7| 6 23.18 |61.7 
11 33.7223'"| 6.5180 "+ 7) + .2| — .1 | 40 24 54.04 |+-11 27.938) + 88/+ 1/420 6 23.12 
July} 12 13.0230 |25.4820 |— 80) —1.3 .6 | 40 41 37.89 |— 5 14.85) + 19) — 28 |—10| 7 22.92 |61.5 
19 |TIT 1/ R {30.5280 |14.2153 |+-334) —2.0 | — .1 | 40 48 16.02 |— 6 53.384) + 24) — 33|—15| 9 22.58 |'73.0 
2 7.7627 4/32.6908"|+- 10) + .5 | + .4 | 40 46 54.29 10 30.86] — 91/-+ 13 |—25 /11 23.01 |'73.1 
3 8.0710 #/32.5827'"|+ 14) + .5 | — .6|4026 1.80/410 19.86] + 92 0 |+18] 5 22.81 
4 6.4067 4/30.7310%|— 55) —1.6 | + .1/4026 7.'72/+1014.94/ + 92}— 24/419] 6 23.59 
5 26.7590 |15.8650 |-+123) — .2| + .1 | 4081 46.69 |+ 435.78] — 16/— 1 |+ i, 22.46 |'72.9 
6 19.5070 /23.8580 |-+ 64 —1.0 | — .3 | 40 38 12.88 |— 150.06] ++ 6/— 20|— 3/6 22.71 |'72.5 
7 21.2237 |18.8640 0} — .2 .0 | 40 87 22.14/— 59.67; + 4/— 8\/— 2/6 22.52 |'72.4 
8 16.5063 /22.3580 |— 30] — .2 .0 | 40 33 54.76 |4 227.89) — 9]/— 3/+ 416 22.63 ; 
9 12.4827 |27.0873 |— 28| — .9 | — .1 | 40 42 32.05 |— 6 9.23) + 22/— 16 |—10] 5 22.83 |'72.0 
TV 1} D/19.5510 |17.5103 |— 26) + .8 .0 | 40 87 14.83|— 51.64/4+ 3/+ 13|— 2/18 23.56 |69.0 
2 19.0267 20.5213 — 2)—1.1)— .4|4037 110/— 37.79/+ 2/— 22|— 2/11 23.20 
3 11.8460 [27.8400 |— 21) +1.1 | + .2 | 40 29 37.96 4 6 44.38] — 23 + 20|-+12) 7 22.50 | 68.9 
4 22.4010 16.7307 |— 22) 41.0 | +2.4 | 40 88 45.19 |— 2 23.33 8|-+ 46 |— 5/10 22.45 
5 13.1947 [29.6737 |+207| — .3| + .2.| 40 29 25.87 |+ 657.22) — 24/— 2|+12] 6 22.51 
6 29.3150" 10.4823 4/4 1) — .5 | — .2 | 40 28 24.87 |4 757.48] +1.00] — 10/413] 5 22.98 | 69.2 
7 11.9517 |26.5033 |— 98} — .3| — .7 | 40 80 15.18|+ 6 7.71]; — 21/— 14 +10) 6 23.70 
8 28.1620 |11.6517 |— 15] — .1 | —1.2 | 40 48 20.86 |— 6 57.45 + 24/— 17 |—13/ 7 22.42 
9 19.1933 [28.0897 |-+ 39) + .9/+ .4|40388 1.38/— 1 38.63 + 6/+ 19|— 3/11 23.08 | a d 
10 15.0010 {24.6553 |— 14) 1.6] + .8 | 40 40 26.87/— 4 4.09 + 14}— 21\/— 7| 6 22.70 | 68.6 
11 5.5497 432.7537) — 55) + .3 | —1.1 | 40 24 54.34 |+11 27.76 + 88|— 9%/+20/ 6 23.15 | 68.2 
July| 12 24.7913 |12.8107 |—159} — .6 | —1.6 | 40 41 38.18 |— 5 15.19 + 19|— 30/|—10| 7 22.85 
25 {III 1) D |10.5623 {26.9563 |—178] — .2 | — .3 | 40 43 17.03 |— 6 54.10 + 24/— 7/15] 9 23.04 | 65.5 
2 32.7280"! 7.7433 4/4. 11) + .8 .0 | 40 46 55.39 |—10 31.81] — 91] + 183 |—25 {11 22.66 | 65.6 
3 33.5090! 9.0507 4)+ 51) —2.1 | —1.6 | 40 26 3.29 +10 18.60) + 92] — 54 |+18| 5 22.50 
4 33.6920 9.4420 4/4 59] + .8|— .6|4026 9.00 +10 13.35) + 92}— 2/419] 6 23.50 
5 14.2367 |25.1063 |— 31 -O| — .1 | 40 3148.10 /4 434.78]; — 16;— 1/4 9) 7 22.87 
6 21.8087 /17.3993 |— 16] + .8 | —1.2 | 40 88 14.43 |— 1 51.33 + 6|— 2)|— 3] 6° 23.17 | 65.1 
mi 18.1513 /20.5780 |— 18] + .5 +1.1 | 40 37 23.74; 1 1.88]/4+ 4/4 25 |— 2/6 22.74 
8 23.6043 [17.8148 |+ 87] + .2| 4 .7 | 40 38 56.41 + 226.50/— 9|/+ 14|+ 4/6 23.06 
9 27.0430 |12.3773 |+ 88} +1.4] — .1 | 40 42 33.73 |— 6 10.75 + 22/+ 21 |—10/ 5 23.36 |65.2 
IV 1| R 20.5073 [22.6213 |+ 28 + .2}— .4|4038716.42|— 53.58) -- 38/—. 2\— 2/18 23.01 |65.0@ 
2 22.1843 [20.5603 |+ 18) —2.3 | —1.3 | 4087 2.7%5|\— 39.85 + ‘4 — 53 — 2/11 22.48 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels. Corrections. 
1895. | Star. | P Micrometer. (9: al gee ia ae 4(6 a 0’) 3 Latitude. 
A B Micrometer. é 1 r |Mer 
July | ov) WY) Onesan iy 
2) |TV 3] R (29.4878 |18.5297 |--204; — .2 | —1.0 | 40 29 89.77 |-+ 6 42.77| — 23|— 16 |+12) 7 |40 36 22.34 
4 19.8973 (25.5920 |+1387) + .8 | +1.8 | 40 88 46.87 |\— 2 24.35 8) + 28 |— 5/10 22.93 
6 10.6597 4/29.45'70!" 0} -+-1.7) + .9 | 40 28 26.22 |-+ 755.82) +1.00|-+ 389 |+13) 5 23.11 
7 28.6550 |14.2217 |+182) — .4) +1.0 | 40 3017.01 /+ 6 5.48)— 21|)-+ 6/|+10| 6 22.45 
8} 12.4197 [29.0093 |+100| + .5| + .4] 40 48 22.61 |— 659.75| + 24/+ 18/13] 7 23.07 
9 24.7970 |20.8520 |-+ 98) — .2)— .6/ 4088 2.94/— 140.00) ++ 6}— 10/— 3/11 22.98 
10 25.5073 |15.7847 |-- 55) +3.0 |) -+- .7 | 40 40 28.60 |— 4 5.99) -+ 14)-+ 57 |— 7| 6 28.381 
11 35.9090'7| 8.8807 4) +146 .0 | -+ .9 | 40 24 56.01 |+-11 25.09; 4+- 88|-+ 11 |+20] 6 22.35 
July}; 12 13.8173 |26.3633 |+ 10) + .6|-+ .7 | 40 41 39.80 |\— 5 17.27; + 19|-+ 18|—10| 7 22.87 
26 |LII 1} R |29.2998 |12.9080 |+158) — .4 | +2.0 | 40 48 17.22 |— 654.88) + 24/-+ 19 |—15] 9 22.71 
3 7.2390 #131 .'7020'"\— 20) — .5|/-+ .7| 4026 3.54|/+10 18.54) -+ 92/-+ 1/+18| 6 28.24. 
4 6.1810 #/30.4230'"\— 63) — .6 | — .2|40 26 9.35 |-+10 12.83) + 92}— 12/+19) 6 23,23 
5 26.7430 |15.8850 |-+124| — .4| — .3 | 40 31 48.385 |+ 434.88) — 16)— 10/4 9) 7 23,138 
6 17.9550 /22.8813 |+ 9; — .1} — .6 | 40 38 14.70 |— 151.95)-+ 6/— 9\|— 38/6 22.75 
"| 22.8047 |20.8718\|-+ 38} +1.1| + .5|403724.01\— 1 1.62;/4+ 4/+ 24/— 2/6 22.71 
8] 19.1297 124.8847 |-+101| — .9| + .6 | 40 88 56.69|+ 225.78;,— 9/— 7/+ 4/6 22.41 
9 12.4107 |27.0987 |— 84) —2.7 | — .8.| 40 42 84.01 |\— 6 11.20) + 22)— 653 |—10| 5 22.45 |. 
LV 2} D /18.8900 |19.9958 |— 12} + .4|-+41.3 | 40 87 3.02 ee 40.56) + 2/)-+ 28 |— 2/11 22.80 |6 
8] . |11.8738 (27.8597 |— 87| +1.4| + .9 | 40 29 40.06 ++ 6 44.02) — 23|-+ 384/112) 7 [24.38] 
4 22.0520 (16.3117 |— 43) + .1| — .1 | 40 88 47.14 |— 2 25.04;/-+ 8 0 |— 5/10 22.23 |6 
B| 118.0850 |29.4508 |+179] — .1 | — .1 | 40 29 27.52 |4+ 655.54 — 24/— 8/+12/ 6 22.97 
6 30.8380%"|12.0880 #|— 15) —1.2 | —1.0 | 40 28 26.50 |+ 7 55.48] +1.00 | —-. 82 |+13] 5 22.84 
u 12.0357 |26.4800 |— 92) +2.0| + .7 | 40 3017.30|-+ 6 5.02); — 21/-+ 41 |+10| 6 22.68 
8 27.1497 |10.53817 |—171) +1.1 | +1.6 | 40 43 22.88 |— 6 59.78} + 24)|-+- 38 |—13) 7 23.66 
9 19.0470 (23.0028 |4- 35) — .7 .0|40 88 8,18 /—- 140.11) + 6)— 11 |— 3)11 23.10 
10 16.6418 |26.3470 |+-127) —2.0 | —1.0 | 40 40 28.87|— 4 5.76; + 14)— 45 |— 6 22.'79 
1! 5.4990 #/32.6350!"\— 59} — .9 | — .2 | 40 24 56.21 |+-11 26.038) + 88}— 17 |+20/| 6 23.21 
July| 12 25.5280 |12.9683 |— 80] -- .8 | —1.1 | 40 41 40.04 |— 517.39) + 19|— 9 |—10| 7 22.72 
28 |IIIT 1) R [27.9883 |11.5790 |— 382) + .1 | +41.0 | 40 43 17.65 |— 6 54.86) + 24|-+ 14) 15] 9 28.11 
2 35,9697'7| 10,9867 1/153) + .7 | +2.8 | 40 46 56.04 |—10 82,13] — 91] -+ 40 |—265 j11 23.26 
3 38.4233'"| 9.0243 1/4 48) —1.2| -- .6|40 26 4.07|+1017.09) + 92)— 12/|+18) 5 22.19 
4 82.9283'7| 8,'7387 Hi) 29) +1.4) + .8/ 4026 9.89/+10 11.88) + 92) -+ 26)+19) 6 23.20 
5 14,5187 |26.8700 |\— 5) — .7 | —1.2 | 40 31 48.89 |++ 4 84.88) — 16|— 26/+ 9| 7 23.01 
6 21.8193 |16.8550 |— 38] +2.4 | +1.7 | 40 38 15.28 |\— 152.79; + 6/-+ 60\— 3] 6 23.18 
7 17.8480 20.8017 |— 19) + .2) —1.1 | 40 87 24.64 /— 1 2.12; + 4/— 11 /|— 2) 6 22.46 
8 28.8307 |18.0888 |+ 49) — .8 | —1.1 | 40 33 57.81 |+ 225 46;/— 9/|/— 27\+ 4) 6 22.51 
9 27,1847 |12.4417 |— 29) + .1 | —1.4 | 40 42 34.62 |— 6 11.46) + 22|— 16 |—10| 5 23.17 
IV 1) D/18.1198 |15.9580 |— 54/ — .4)— .6|408717.21;/— 54.52;+ 8)/— 14|— 2/18 22.69 
2| R |20.7188 |19,1880 |— 3) —2.2 | —2.8/4037 8.58/— 39.83) -+ 2)/— 65 |— 2/11 23.21 
3 29.4610. |18 6807 |+209) — .5 .0 | 40 29 40.66 |+- 6 42.09} — 283;};— 8/|+12)/ 7 22.63 
4 20.8200 |26.0857 |-+-158) —1.4 | — .3 | 40 38 47.70 |— 2 24.93) + 8)— 26|— 5/|10 22.64. 
5 28.0817 {11.6828 |— 18] — .4) — .1 | 40 29 28.18 |-++ 654.64; — 24;— 8/+12) 6 22.63 
6 11.5678 4/30.8250"|— 8} +-1.4 | — .1 | 40 28 27.11 |-+ 754,55) +-1.00 | + 21 |+13) 5 23.05 
i 27.5460 |18.1208 |-+- 42) —3.3 | —1.6 | 40 3017.90 |-++- 6 4.89) — 21|)— ‘73 |+10)| 6 22.01 
8 11.1487 |27.7488 |— 80] —1.3 | — .7 | 40 43 23.47 |— 6 59.67) + 24) — 35 |—13) 7 23.63 
9 22.0993 |18.1228 |-+ 3) — .2/—1.1|4088 38.67 |— 1 40.55)-+ 6/|/— 17 |— 3/11 23.09 
10 24,4158 |14.6590 |— 39] +2.8] + .6 | 40 40 29.42 |— 4 6.61) -+ 14/-++ 44 |— 7| 6 23.38 
11 35.0520 | 7.9687 |+- 95) —1.2| + .1 | 40 24 56.79 |4-11 25,09, + 88)— 18 |-+-20/ 6 22.84 
July| 12 12.9930 |25.5827 |— 80} —1.1 | —1.8 | 40 41 40.54 |— 5 16.89) - 19|— 40 /—10| 7 23.41 
29 |IIL 1] D |11.4227 |27.8497 |— 53) + .8| + .6 | 40 43 17.88 |— 6 55.25| + 24|)+ 19|—15)| 9 23.00 
4| R | 6.2778 4/29,4847!v\— 95) —1.5 | — .6} 40 2610.14 |4-10 11.89) + 92)— 81 |+19| 6 22.89 
5 25.6840 |14.8487 |-+ 22| — :2| — .2/ 40 31 49.17 |-+ 432.91;— 16/— 5|+ 9/7 22.038 
6 18.7197 |28.1843 |-- 87) —1.0| — .4 | 40 88 15.59 |— 152.99)/-+ 6/— 21 |— 38) 6 22.48 
q 20.8863 |18.38530 |— 10) +-1.6 .0 | 40 87 24.92/— 1 2.77/-+ 4)-+ 26 |— 2) 6 22.49 
8 1'7.8650 |28.6070 |. 38} — .5/ -+ .2° 40 83 57.62 |-+ 225.20, 9|— 5)+ 4) 6 22.87 
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136 THE SAYRE OBSERVATORY. 


Levels, Corrections. Ther 
1895. | Star. icrome SS SSS } Latitude. = 
Si 14 Micrometer. Ce , a 4(d-+-0/) eee 3 ; ~ lee mom, 
July Fi wy OM i fe) 
29 {TIT 9} R |12.4187 |27.1860 |— 31) — .6}-+ .1 40 42 34.95 |— 6 12.07) + 22)/— 8|—10] 5 /40 36 22.97 |68.4 
EViell (18.0893 120.2773 |— 15) + .8| + .6|403717.51/— 55.29) + 3)+ 20 |— 2/13 22.56 |66.9a 
2| D |18.5970 |20.2297 |— 8/+ .8/+ .4/40387 8.88|— 41.27;/4+ 2)+ °18/— 211 22.90 
3 (11.7543 |27.6473 |— 48) +1.0) + .8 | 40 29 40.98 |+ 6 41.77) — 23/-+ 26 |4+12] 7 22.97 |66.6a 
4) (20.4740 |14.7083 |—121) + .6| + .8 | 40 88 48.01 |—. 2 25.62); ++ 8/+ 13 j|— 5/10 22.65 
5 |12.1127 {28.4800 |-+ 43) + .4 .0 | 40 29 28.46 | 653.98; — 24/+ 6/+12) 6 22.44 |66.3 
6 30.2187" 11.4463 #— 7 —1.1 — .1 | 40 28 27.44 |+ 754.55) +1.00|— 19 |+13) 5 22.98 
| |14.2620 |28.6530 |4184| + .7/| 11.0 /403018.22/+ 6 4.87|— 21/+ 24/410] 6 22.78 
8 29.5047 /12.8857 |+173) + .5 | — .8 40 43 23.76 |— 7 0.68) + 24)+ 4/—18) 7 23.30 
9 (17.1607 [21.1657 |— 31 + .4 41.1 / 4088 3.95|— 141.20;+ 6|+ 20|— 3/11 23.09 |65.6a 
10 14.9690 4/25. 6880'") 34) — .6/ + .6 | 40 40 29.73 |— 4 5.85) —1.14)/— 2|— 7)|:6 22.71 |65.6 
11) | 6.9523 #/33,9983i7\4 31) + .4/ 11.1 | 40 24 57.09 +11 23.98] + 88|-+ 20/120) 6 22.41 
July} 12) 26.9470 /14.3907 |+ 73) 41.1 | +2.2|40 41 40.80 |— 5 17.69/ + 19/4 45|-10| 7 23.72 | da 
30 |III 1] R |30.7697 |14.3887 |-+-369 —1.9| — .8 | 40 43 18.09 — 655.16; + 24] — 40/15] 9 22.71 66.7 
2} | 7.4118732.4030%— 4! — 7 | — 18 | 40 46 56.50 |10 31.95) — 91|— 21 |—25\|11 23.29 |65.2 
| | | | 
8) | 7.7847 32.1627 1) + 6 | 44.7|4026 4.63|41016.44) ++ 92] +4 21 j418] 5 22.58 
4| D |31.9987"| 7.8283 4 +. 9 | + 4 | 40 26 10.44 |+10 11.31] + 92/+° 16|+19| 6 23.08 
5{ 14.8687 (25.1660 |— 22) 41.3] + 3 | 4031 49.45|4+ 432.97|— 16/+ 25/4 9/7 22.67 | 64.6 
6| [28.2177 |18.7677 |+ 38] 1.2 | 2.9 |40 88 15.90|— 152.62; 4+ 6|—.56|— 3] 6 22.81 
| 7 (19.1120 21.5853 |4 6 — 8|— .1/403725.24\-1 256/+ 4/— 14/2] 6 22.62 62.1 
| 
8 22.5443 (16.8170 |— 17/— .1| + .3 | 40 33 57.95 |4+ 224.78;/— 9/4 2/+ 4/6 22.76 |61.2 
July 9 27.2777 |12.5810 |\— 15} + |.8 | + .1 | 40 42 35.27 |— 612.86; + 22)/+ 6110/5 22.64 | 61.2 
31 IIL 1) D 11.9273 |28.3670 |+ 20 — .2 | — .2 | 40 43 18.30 /— 655.76| + 24/— 5/—15/ 9 22.67 | 64.0 
2|  /82,4507"| 7.41534) 3) +1.4| + (4 | 40 46 56.72 |—10 88.06 — 91} + 27 [425111 22.88 63.5 
3 33.5893") 9.2000 #/4. 55; —2.2 | —2.1 | 4026 4.89 |+-10 16.87; + 92|— 62 +18} 5 22.29 
4) R | 5.9393 #)30.1293'"|— 74) —1.38 | —1.1 | 40 26 10.73 |+-10 11.50/ + 92|/— 35/419] 6 23.05 
5 27,1520 |16.3903 |--165, .0| — .4| 40 31 49.73 |+- 432.55;— 16)/— 56|4+ 9/7 22.23 | 62.6 
6 19.2770 /23.7580 /+ 60) — .8 | — .1 | 4088 16.20 |— 1-53.34; + 6}/— 14|— 3/6 22.81 |62.1 
7 19,8650 /17.38727 |— 26) + .9|— .3|40 87 25.55 |(— 1 2.96/4+ 4/+ 10/— 2/6 22.77 
8 16.7953 (22.5093 |— 18) + .7| + .2|40383 58.27 /+ 224.44/— 9 + 13 \+ 4) 6 22.85 
| 9 12.6013 |27.383860 |— 7 — .9 | — .2 |'40 42 35.60 |— 6 12.57 + 22|}— 17 |—10/ 5 23.038 | 61.9 
IV 1) R |17.8257 (20.0173 |— 21 + .7| + .1/40°87 18.18/—. -65.87/ + 3) 112 213 23.02 59.8 
2 20.8037 | 19.1688 0} —1.0|— .6/ 40387 4.53|— 41.85;/-+ 2}/— 28 /|— 2/11 23.06 
3 29.1533 |13.2840 |-+168) —1.6 | —1.1 | 40 29 41.67 |4- 6 41.71] — 23|)— 389 |+12)/ 7 22.95 |59.9 
4 19.4473 /25.2150 |--117) —1.0 .0 | 40 38 48.66 |— 2 26.14; + 8|— 16 |— 5/10 22.49 
5 28.2360 |11.8993 + 10) —1.2 | — .4 | 40 29 28.86 |+ 653.18] — 24|]— 24 |+12] 6 21.69 |59.8¢ 
6} = (11.2867 4/30.0170%|—. 6 + 7 | — .8 | 4028 28.18 |+ 753.61 +1.00}-+ %/+138) 5 22.99 |59.6 
ig 26.8360 12.4820 |— 47, —2.38 | —1.8 | 40 3018.91 + 6 4.11; — 21/— 60 |+10/ 6 22.37 
9 22.6643 |18.6537 |+ 23) — .2 0/4038 4.52/— 141.47/+ 6;— 8/— 38\1t 23.16 | 59.6 
10 25.9500 15.1663 (+. 51) +-1.4 |-+- .8 | 40 40 30.36 |— 4 7.53;/-+ 14/-+ 32 |— 7| 6 23.28 |59.2 
11 83.7530") 6.7013 4)-4+ 13) — .8| + .5 | 40.24 57.69 |4-1124.08/-++ 88|— 6|+20/ 6 22.85 
Aug. 12 13.1020 |25.7027 |— 66, —1.3 | —1.1 | 40 41 41.41 |— 5 18.46 + 19|}— 35 |—10) 7 22.76 |59.3 
3 JIT 1) R 29.9237 _ 13.4807 |4-243) — .5 | +1.4 | 40 43 18.79 |— 6.56.40] + 24/+ 10 |—15] 9 22.67 | 72.5 
2 7.5200 #32.5503')+ 1 .0 .0 | 40 46 57.26 |—10 32.94; — 91 0 |—25 |11 28.27 |'71.9 
3| | 6.99174 31.3360%\— 33) +2.6| + .7| 4026 5.57|41015.50| + 92)-+ 50 [4-181 5 22.72 
4) D 33.7027"| 9.5860 #4 59) 11.9] + .5 | 4026 11.40/+10 9.98] + 92) + 87/419] 6 22.92 |'71.0 
5 13.2980 |24.1063 |—123 — .6 | —1.3 |} 40 81 50.44 + 433.00) — 16/— 26/49) 7 23.18 
6 19.5040 (14.9607 |—109) + .8| -+1.5 | 40 38 16.99 — 154.61; + 6}+ 82/— 3) 6 22.79 
7] 20.7173 28,2478 |4- 48) + 14) + .5|403726:388/—1 4.08/-+ 4 + 18 |— 2} 6 22.51 
8 23.0063 |17.8270 |+ 7 +1.4 .0 | 40 33 59.13 | 2 23.63} — 9j|-+ 22/4 4) 6 22.99 
Aug 9 25.1000 /10.2850 |—297 +1.8| + .6 | 40 42 36.48 |— 6 18.87 + 22)-+ 28/10) 5 23.06 | '70.4 
5 {III 1) D (11.5720 |28.0480 |— 26] — .2 + .7| 40 48 19.04 /— 6 56.56; + 24};+ 6/15} 9 22.72 |'75.4 
2| [82.8703 7.8070 H|+. 16) +1.6 | +2.4 | 40 46 57.55 10 33.81; — 91} + 56 |=25 |11 23.25 |75.5 
3 33.8010") 9.4620 4+ 62) —1.5:|— .4] 4026 5.74410 15.61 + 92}— 29|+18] 5 22.21 
4) R | 5.8987 »)29.5287')— 91 .O | — .1 | 40 26 11.78 |+-10 10.07; + 92;— 1/+19]} 6 23.01 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels. 


Corrections. 
1895. | Star, | P Micrometer. C6) 4640’) |— | rae onl Latitude. 
| A B Micrometer. t) U | r | Mer| 
Aug Qe ff (Dore nae A 
5 |IIL 5] R 26.0707 |15.38230 |+- 64| — .7 | —1.6 | 40 31 50.83 |+ 431.94 — 16|— 31 |+ 9] 7 |40 86 22.46 
6 18.2700 '22.8408 |-+ 23! 41.6 | +8.3 | 40 38 17.48 |— 155.63; 6/)-+ 67 |— 3] 6 22.56 
Aug. 9 12.2580 |27.0548 |— 47) — .1 | — .2 | 40 42 36.97 — 6 14.08 22 4 10/5 23.07 
7 ILI 1) R /28.8163 (12.8570 |+ 81) — .7} + .8 | 40 43 19.29 |\— 6 56.41) + 24)— 1|-15) 9 23.05 
2 4.7937 4129.8560'7; 118] — .3| + .1 | 40 46 57.82 |—10 33.45) — 91)/— 3 |—25/11 23.29 
3| 7,3830 431.6967'7|— 18) +-2.1 | +-1.0 | 40 26 6.30 +10 14.77) 4+ 92}-+ 46/+18)] 5 22.68 
4 7.7350 #/31.8370%|— 7) + .8| + .4| 40 2612.18/+10 9.44) -+ 92)+ 18)+19| 6 22.92 
5 27.6803 {16.9718 |+-220) + .3 | +-1.0 | 40 31 51.20 |+ 431.385}; — 16|+ 18/4 9| 7 22.73 
6 18.8697 |22.9150 |-+ 25) —1.6 .0 | 40 88 17.85 |— 1 55.00 6 25 3/ 6 22.69 
, 20.8353 |18.2863 |— 10) — .8| — .4 | 40387 26.91|\— 1 4.48;/+ 4]/— 10|— 2) 6 22.46 
8 17.4147 |23.0640 |4- 10) — .2| — .3|4034 0.06/+ 222.88;— 9|— ‘7\|+ 4| 6 22.88 
9 13.3140 [28.1257 |4- 92) — .2| + .6/| 40 42 37.43 |\— 614.77;/ + 22/+ 4\|—10| 5 22.87 
LV 1| D |19.7253 |17.4857 |— 27) + .7/+ .4/403720.00/— 56.56)+ -8)-+ 16 |— 2/138 23.74 
2 17.1910 |18.9167 |— 30) —1.5 | — .9|4037 6.48|— 48.56) + 2/— 35 |— 2/11 22.68 
3 11.8960 /27.6907 |— 27) — .6 | — .1 | 40.29 44.01 |+ 6 39.88) — 23);— 9)|+12) 7 23.21 
~ 4 20.7207 |14.8597 |—112)-+ .2|— .6 | 40 38.50.67 |— 2 27.92; +- 8/— 4/— 5/10 22.84 
5 12.4693 /28.7410 |+ 84) —1.6 | —1.4 | 40 29 31.39 |+ 651.67) — 24)— 43 |+12]| 6 22.57 
6 29.9550*7/11.31534#/— 6) —1.4 | — .5 | 40 28 30.87 |-+ 7 51,32) +1.00} — 29 )+13] 5 22.58 
7 14.4687 |28.7243 |+198 1.8 1.1 | 40 30 21.14/4 6 1.10/— 21/+ 43 /|-+10| 6 22.62 
it 9 16.4807 (20.5760 |— 53) —1.4| +1.8 |40 88 6.48|— 143.42;+ 6 0 |— 3)11 23.15 
ug. : 
8 |IIT 1| D |11.4463 /27.95388 |— 45) +-1.6 3.1 | 40 43 19.43 |— 6 57,29) + 24|-+ 65 |—15| 9 22.97 
2 33.7603'"| 8.6987 1) 55 a!) .9 | 40 46 57.97 |—10 83 87| — 91);-+ 26 |—25/11 23.31 
3 33.1600'*| 8.8633 #/+ 39) — .1| — .1|4026 6.49 |+10 14.48 92 3 18) 5 22.09 
4 33.8323") 9.7800 #/+ 64) — .1 | — .8 | 40 26 12.32 +10 9.63) + 92)— 11/)+19) 6 23.01 
5 18.4863 /24.2260 |—108 15 | +1.1 | 40 31 51.89 |4. 431.80; — 16;/+ 6/4 9| 7 22.75 
6 21.7827 |17.23853 |— 20 .0 | — .6 | 40 38 18.06 |— 154.94;+ 6|/— 7 |— 3) 6 23.14 
7 18.2730 (20.8177 |— 10) + .1 .0 | 40 87 27.18 /— 1 4.82; + 4/+ 1/|— 2] 6 22.90 
8 21.6503 |16.0040 |— 59 .0| — .1| 4034 0.29 |+ 2 22.683)— 9}|— 1/4 4/6 22.92 
Aug. 9 25.1300 |10.2870 |—297 .0 | — .9 | 40 42 37.67 \— 6 14.58] + 22};— 14 |—10) 5 | 23.12 
10 |IIT 1) R |28.9388 |12.4570 |+ 99) -+ .1|-+ .2 | 4043 19.76 |— 657.01; 4+ 24/4 4 /|—15] 9 22:97 
2 6.4233 41/31.48387'"|— 49, — .9 | — .6 | 40 46 58.32 |—10 33.57 91 22 |—25 |11 23.48 
3 6.6498 1/30.9437'¥|— 47) +1.0) +1.4 | 40 26 6.91 /|+1014.21) + 92)-+ 34)+18] 5 22.61 
4 5.6637 4/29. 75277|\— _ 83) + .8) + .8 | 40 2612.75|410 8.92) + 92;/+ 9/419) 6 22.93 
5 27.3627 (16.6548 |+-187)/ —1.2 | — .8 | 40 31 51.83 /+ 4 31.25] — 16)/— 29/4 9| 7 22.79 
6 18.0507 |22.6357 |+ 14) — .8|-+ .1 | 40 38 18.55 |— 155.98} + 6|— 11|— 3} 6 22.55 
7 21.4827 |18.8587 \— 1) -+ .1} — :7| 4087 27.63\— 1 5.09} + 4)/— T)j— 2| 6 22.55 
8 16.2580. |21.8897 |— 46] — .7 | +1.2/|40 84 0.81 |4 222.29; 9|/+ 4]/+ 4] 6 23.15 
9 13.1953 |28.0190 |-+- 78} —1.7 | — .2 | 40 42 38.19 _— 6 15.04) + 22|/— 30 |—10| 5 23.02 
IV 1| R (22.0058 24.2823 /-+ 65) + .8)-+ .1|4037 20.72|— 57.74; + 8/-+ 14/— 2)\183 23.26 
2 21.4317 (19.7007 |-+ 7) —2.3 | —1.2|408% 7.24\— 48.79) + 2)— 52|— 2/)11 23.04 
3 29.5997 |18.8780 |+240) — .6| — .7 | 40 29 44.64 /+ 6 38.28) — 23) — 18 |+12| 7 22.70 
4 16.1543 |22.0657 |— 47) —1.1.| + .2 | 40 38 51.94 |— 229.36; 8/— 15 j— 5/10 22.06 
5 27.0440 |10.8070 |—154 .0 | —1.5 | 40 29 32.24 |+- 650.19; — 24|]— 19 |+12) 6 22.18 
6 11.1263 #/29.7127"|\— 4) 41.5 .0 | 40 28 31.23 |+ 7 49.98) 11.00} + 24/413) 5 22.63 
{i 28.0523 |13.7860 |-+-113) —1.0 | —1.8 | 40 30 21.99 |-+ 6 1.03;— 21)— 39|-+10| 6 22.58 
8 11.0993 /27.8903 |— '73| — .6 .0 | 40 48 27.88 /— 7 4.41; + 24;/— 9-13) 7 23.06 
9 21.5877 |17.4640 |— 19) — .6 | —1.4/4088 7.13|— 144.22)-+ 6|/— 26 |— 3/11 22.79 
10 24.8980 |14.9980 |— 4) +1.6| + .5 | 40 40 33.31 |— 410.46;+ 14|+ 32/— 7| 6 23.30 
if 38.6720'7| 6.7197 #)/+ 11) — .7 | —1.0 | 40 25 0.54 /+11 21.56; + 88|/— 24 |+20/) 6 238.00 
12 18.1563 |25.8540 |— 55) — .8 | —1.2 | 40 41 44.18 \— 5 20.94; + 19|— 20/—10| 7 23.20 
Aug. 
19 [II 1} D 14.2027 |30.6710 |+350) — .7 | — .8 |40 48 20.12 |— 6 57.31) + 24|— 15 |—15| 9 22.84 
2 32.8140} 7.7263 4) 12) —1.5 | — .2 | 40 46 58.70 |—10 384.42; — 91|— 26 |—25/j11 22.97 
3 33.1803'7| 8.8807 1/4. 40) —1.7 | —1.6 | 40 26 7.38|+1014.56) + 92|— 48 |+18] 5 22.61 
4 32.1783") 8.0790 4/4 4; —1.1 | —1.2 | 40 26 13.22 |+10 9.40) + 92)— 383 /+19) 6 23.46 
5 13.1023 |28.8073 —144| — .1) +2.2 | 40 31 52.32 \+ 4 30.33; — 16,+ 26/4 9) 7 22.91 
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Levels. Corrections. 
‘ SUES Ee 1 Latitude. 
1895. | Star.| P Micrometer. 6) 5 * 4(d+ a’) eee 5 ; Claes 

Au ee i} Or euleaeds: 
is III 6) D |21.9780 lt 387 |— 14 — .1]— .6 | 40 88 19,08 |— 156.16) + 6/— 9|-— 8] 6 140 36 22.92 
7 (18.5497 (21.1658 |— 5|— .6/ — .1|40 37 28.18|— 1 613; + 4/— 11|— 2/6 22.02 
8| 21.0697 |15.4618 |— 87 +1.0 | +1.0 | 4084 1.88|+ 2 21.60) — 9/+ 29/4 4] 6 23.28 
Aug| 9] [24.7990 | 9.9007 |—344/ +1.0| + .1 | 40 42 38.77|— 6 15.86| + 22/+ 17/10] 5 23.25 
13 |[V"l| D /19.4770 |17.1497 |— 39] — .7| — .8 | 4087 21.58|— 58.76, + 3) — 21 |— 2/18 | 22.75 
9). /20.0847 121.8840 |4- 14; — <1] 0140187 8.48 == 45.58) 42 oes 22.70 
3} [11.8597 [27.5828 |— 88)-+ .3/ — .9 | 40 20 45.61 /4+ 687.48] — 23|/— 6/+12| 7 22.99 
4} [21.5277 |15.5817 |— 77] — .8 | — .6 | 40 88 59.85 |— 230.16 +- 8)/—= 1-25 10" 22.138 
6} 11.9973 (28.1790 |+ 14) 1.4 | —1.4 | 40 29 83.25 + 6 49.22; 24|— 40/112] 6 | 22.01 
6} |28.0867'*| 9.52104/ + 14| — .8 | — .5 | 40 28 82.22 |-+ 7 49.50; +1.00|— 19 |418|.5 22.71 
7} |14.8207 |29.0080 |-+-236) +1.9 | + .8 | 40 80 22.97 /+ 5 59.35/— 21/4 40|+10] 6 22.67 | 
8} 27.2013 |10.8590 |—181] +1.8 | +1.8 | 40 43 298.32 /— 7 5.48; + 24|/+ 45 |—18! 7 23.52 
9} |18.5953 |22.7470 |4+ 24| — .2 .0 | 40 88 8.01 |— 145.04/-+ 6]/— 8\— 8/11 23.08 
10} 16.7180 |26.6083 |+142/ 2.2 | — .1 |40 40 34.24|— 410.58/4+ 14|— 37\— 71 6 23.42 
11 6.1177 #/33,0838i"|— 27/— .1| + .1/4025 1.44/+11 20.54/ + 88 0 |+20) 6 23.12 
Aug] 12} (25.2187 12.4527 |—181/ 41.9) + .5 | 40 41 45.05 |— 5 22.35} + 19/4 37/—10| 7 23.238 
15 /III 1|'R [28.4553 |11.9600 |+ 80) — .8 | — .3 | 40 48 20.58 — 6 67.19| +: 24|— 9 \/—15) 9 23.48 
2 6.1167 #/31,2208i"|_ 62] —1.1 | — .8 | 40 46 59.23 |—10 34.68] — 91|— 27 |—25 |11 23.23 
3 7.7103 4/31.9690"\— 6] + .7| + .2|4026 8.02/411013.41/ + 92|+ 18/418] 5 22.71 
4 3.6330 4 27,6930'"/—157| — .8 | — .6 | 40 26 18.88/410 8.00/+ 92/— 20/419) 6 22.85 
5] 25.8967 /15.2267 |+ 51) —1.7 | — .5 | 40 31 58.01|4 429.94|— 16|/— 34|4 9/7 22.61 
6] [18.5977 |23.2108 |+ 36] —1.3 | — .5 | 40 38 19.84|— 156.73; + 6|/— a7\— 3/6 92.93 
7| {20,5060 |17.8647 |— 18]— .8| —~ .7|408728.99| 1 6.74/+ 4|/— 14/— 2/6 22,19 
8}  |15.8290 |21.3927 |— 69] — .8 .0|40 84 2.21)4+ 2 20.61/— 9|/— 18/4 4/6 22.60 
9} |12.1867 [27.0753 _— 49] —2.0 | — .6 | 40 42 39.63|— 6 16.36] + 22|— 39 |—10| 5 23.05 
IV 1| R {18.0510 |20.8873 |— 14]— .8|— .8|408722.18|— 59.04) 1+- 3/— 28\— al13 23.05 
2) 22.5847 [20.7918 |+ 27] —2.0|—1.4|4037 8.76|— 45.48/+ 2/— 50|— 2/11 22.94 
3} 28.4610 /12.8153 |+ 86] — .1| + .9 | 40 29 46.30 /+ 6 35.85) 23/+ 10/412) 7 22,21 
4) 18.2380 [24.2028 |+ 64] + .5 | +2.5 | 40 88 53.00 |— 230.984 8|-- 40|— 5/10 22.55 
5) (29.9307 |18.7960 |+261] + .2/ + .1 | 40 29 33.96 |+ 6 48.65|— 24] + 4/412] 6 22.59 
6} 10.8867 4/29. 3997" 2| 19.9 | 12.3 | 40 28 82.94 + 748.18) +1.00| + 65/413] 5 22.90 
7) (27.7677 |18.5973 |4+ 83] — .8 | — .2 | 40 30 23.69 /+ 558.53) — 21/— 15\|+10]/ 6 22.02 
9} [20.8853 /16.7020 |— 45; + .9/+ .7/4088 8.59|— 145.67/4+ 6|+ 23\— 3/11 23.29 
10} 24.8310 /14.8570 |— 18) 41.3] + .2| 40 40 84.92 — 412.18) 4+ 14/4 98/7) 6 23.10 
11) 85.6133!) 8.7593 #/-+180/ — .8) — .1|4025 2.09 |+11 19.88] + 88/— 14/420) 6 22.47 
Aug| 12) |12.7653 |25.5480 |— 94) — .5 | — .7 | 40 41 45.69 |— 5 23.00; + 19/— 17/10] 7 22.68 
18 /III 1) D {11.9918 #)28.4920|— 7 41.4 | +1.3 | 40 48 20.86 |— 6 57.23] —1.04| + 39 |-15| 9 22.92 
2| [31.8417 6.7007 H}— 34) — .2| + .1 | 40 46 59.57 |—10 85.65/— 91/— 1\—95 114 22.86 
8} /33.6667'") 9.4270 4+ 59) —1.9 | —1.5 | 40 26 8.49 /+10 13.09] + 92/— 49/418) 5 22,24 
4} /83.8410'*| 9.3047 4+ 47) 1.2 | 1.3 | 40 26 14.85 |410 7.92/+ 92}— 36 /119/| 6 23.08 
5) 18.7880 24.4483 |— 81/4 .2) — .1 | 40 81.53.52 |+ 429.93/— 16/+ 1/49] 7 22.76 
6| |22.5067 |17.8500 |-+ 8] + .9 .0 | 40 88 20.44 |— 157.77; + 6/+ 14/— 3] 6 22.90 
7| {19.0150 }21.6850 |-+ 8) 41.4] +18 | 40 87 29.62/— 1 7.54/+ 4/4 45 |— 9/6 22.61 
8| 22.9807 17.4883 |+ 9) — .4|— .7/40 84 2.88/4+ 220.17; 9/— 15|4+ 4/6 22.91 
9) |26.2887 |11.3727% |—150| —1.5 | —1.9 | 40 42 40.33 — 6 16.80; + 22|— 48 |—10| 5 23.22 
IV 1 D /20.2873 /17.8823 |— 18] —2.5 | —2.7 | 4037 22.99\— 59.50/+ 3]/— 74\— 2alis 22.89 
2) 19.2723 |21,1053 |+ 1) —2.7|—1.0| 4037 9.61\— -46.35/+ 2/— 56 |— 2/11 22.81 
8) 11.6557 [27.3177 |— 67] + .5) + .5 | 40 29 47.24 + 6 35.86/— 23/4 14/412] 7 23.20 
4) |22.2830 |16.2140 |— 43) +1.4/ + .1 | 40 38 53.89 |— 2 32.09/ + 8|/+ 24/— 5/10 22.17 
¥ 5) (12.0270 (28.1423 |+ 11] .0/ — .4| 40 29 84.93 |+ 6 47.53|— e4|/— 5/412] 6 22.35 

ug 

19 {IIT 2) R | 7.2853 # 32.3897!” — 10) — .1 | —1.1 | 40 46 59.66 |—10 34.78] — 91/— 15 |—95 111 23.68 
3 7.2517 4/31.4773¥|— 24] +2.8| +1.4 |4026 8.62 /+10 12.538) + 92|-+ 55 /+18/ 5 22.85 
4 7.71638 4/31,7823'"|— 8] —1.0 .0 /40 26 14.49, 410 7.84/-+ 92/— 16/119] 6 22.84 
5 |27.4970 /16.8803 |+202| + .4/— .1 | 40 81 58.66/4+ 4298.97/— 16/4 5/49) 7 22.68 
6 18.7563 |28.4127 |-+ 45] —1.1 | — .4 | 40 38 20.61 |— 157.8614 6/— 22/\— 3) 6 22.62 
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Levels. Corrections. 


1895. | Star. | P Micrometer. (Ol aoe an oor / itude. | Ther- 
A B AC ) Micrometer. é 1 r |Mer SE LL: 
Au Ov, (yf Mil fe) 
19 |III 7| R |19.2628 16.6047 |— 49} +1.2 | — .4 | 40 37 29.79|— 1 7.08) + 4)-+ 14 |— 2] 6 /40 86 22.93 |64.8 
8 18.3123 |23.82638 |+ 51) — .6|— .1/4034 3.08)+ 219.56,— 9/— 11/\/+ 4] 6 22.54 |64.8 
9 13.8397 |28.7437 |+168) —1.2 | —1.2 | 40 42 40.53 |— 6 17.30} + 22|— 285 |—10| 5 23.05 | 65.0 
TV 1) R-}19:5483 (21.9500 |-- 15) --2.1 | -- .7 | 40 87 28.23\— 1 O.77)/ + 38/] + -43 — 2118 23,08 | 62.0 
2 22,8017 120.4440 |+ 21/— .1|-+ .7|4087 9.86\|— 47.03] + 2 | t+ F j— 2/11 23.01 | 
3 29.1583 |18.5593 |+184| — .0 | — .5 | 40 29 47.52 |+ 6 34.91; -— 23);— 6/112] 7 22.33 | 61.5 
4 18.8640 |24.8460 |+ 98) —1.3 | — .5 | 40 38 54.16 |— 231.51) + 8|— 27 |— 5/10 22.51 
5} 28.2740 12.1780 |+ 24, — .3/ -+ .1 | 40 29 35.25 |-+ 6 47.10] — 24)/— 38 |+12/ 6 | 22.26 
6] D |29.4143'7)10.9210#/— 2) —1.1 | —1.0 | 40 28 34.25 |+- 7 47.63) +1.00 |— 30 |+-18] 5 | 22.76 | 62.1 
q 13.8157 |27.9407 |+-108) + .9 | — .3 | 40 30 25.00 |-+ 5 57.45, — 21;-+ 10 an 6 | 22.50 
8) 83.7157 |16,8823 |+'771| +1.4]-+ .5 | 40 43 30.29 |— 7 7.61) + 24)-+ 29 |—13/ 7 23.15 
9 14,8993 |19.1410 |—109) — .4) 11.7) 4038 9.74\|— 146.98}; + 6/|-+ 16 I— 3/11 23.06 
10 15.5310 /25.5287 |-+ 43) — .8| + .2 | 40 40 36.23 |\— 412.92; + 14;/— 10 |— 7| 6 23.34 |59.8 
11 5.6850 4/32.4977'7|— 55} +1.0|} + .3|40 25 3.38 /+1117.87) + 88)+ 20 ae 6 22.59 |59.3 


Adjustment of the Latitude. 


In case every pair of a given group has been observed on any night, the mean of 
the resulting .Jatitudes will be based upon the mean value of the declinations of all stars 
of this group. The differences between the individual values and the mean of all will 
furnish the corrections required to reduce the individual latitudes to the mean system. 
These corrections will only be required in case of failure to observe one or more of the 
pairs forming the group. 

In order to avoid errors resulting from outstanding uncertainties as to the value of 
the micrometer screw, it is desirable that the plus and minus corrections of each group 
shall balance as nearly as may be. This condition cannot be fully realized, at least not 
for any considerable time, owing to the effect of precession. The following tabular state- 
ment gives the approximate values of these corrections, in terms of micrometer revolu- 
tions, for each group of this series. 


Beginning. | End. 

46 TT. TIT INy di LT, If IV 
Pair . 1) —15.3} —64 | —15.8 | — 1.3 —15.4 | —64 | —16.4 — 2.1 
2| + 4.2 — 5.1 —24,4 — 0.7 + 4.0 — 5.1 —25.0 | — 1.6 
3} —14.2 + 2.5 +25.2 | [+16.8]|) —14.4 + 2.5 +24.4 | [+15.9] 
4); — 3.5 — 2.1 -+25.0 — 48 — 3.6 — 2.1 +24.2 — 5.7 
5 | + 83 — 0.3 +11.7 +17.4 + 8.3 — 0.3 +10.9 -+16.4 
6 | + 6.7 —22.9 — 3.5 +19.8 + 6.8 — 22.9 — 4,4 +18.8 
7 | —16.1 | [—11.7]| — 1.4 +15.4 —16.1 | [—11.7]) — 2.4 +144 
8; + 6.4 -+20.9 + 6.8 —15.6 + 6.5 +-20.8 + 5.8 —16.6 
9} — 65.3 | [+ 38.5]| —13.6 — 3.0 — 5.2 | [4+ 3.5]) —14.7 — 4.0 

10) +21.4 | +16.0 — 87 || +216 | 415.9 | = 
11 [-+28.1] i ec S| 

12 —11.5 —12, 
Mean. . . —0.7 — 0.6 + 1.1 |- 4.3 — 0.7 — 1.0 +038 -- 3.3 
Omitting brackets +- 0.3 -+ 0.4 a3) — 0.1 
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By omitting the bracketed pairs in Groups II and IV the algebraic sum of the cor- 
rections is in every case so small that very little apprehension need exist with respect to 
The latitudes have therefore been reduced to the means of the 
One of the component stars of Pair 9, Group I, is a 


errors from. this source. 
remaining pairs of these groups. 
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variable which was lost on so many occasions that this pair was not included. 


The following tabular statements show the individual differences from the mean 


values, with the resulting reductions for the separate pairs. 


a 
oo 


1894, 2 3 4 | 6 
Jan, 19{ + .8 1 4 .5p | — Be 8 888 ey ee ot one 
254-— 8 -| heags} 4 Bo) —. Phe] ee Ba) OD) ee) eee 
97; + -9 | + 18 | — at | + 16 | — 98 | 4 695) = ate aio cai ss 
so} — 29 | +48 |= 99 | 4 8 PS ae ey ee 
Feb. 6| 4 25-| 4115 | + S902 168k) Ge) ail Soma ee ee 
a3] + 19 | + 88} = 11 | + 6 | +b BB) 49 0 ore eee 
94 | me Aoete By | ck QB hh ae D4 ca OMY ened ee 
a7 | — 46c} + 60 | + 19°] — Bf) = 130) Oe ee 
Mar. 3°} 464.) ey4t, | <=6.65igeh Poe QB all ce tee pul ee Ara 
4} 16°) 4°90 | = 19°) te ogee ee ee een ee 
4 A 8B) AAR be QAI Aa see a0 eG ae ee 
12) + 20° | 4+ 47°] — 8t | = 1s Pe 0 ce 
14-18 pe Bhs) Sr S89) 8 lO ear ee 
Oct. 1i| — 44 | at | 2 9e8 of 1 6 es eee 
1%, —— 88 ol, ten BOsal| She Sum eee BOM) TA ae 1S ls ge 
18 | + 19°] “- 90 | =e 18° 4o | Br eae 
19 | 2-11 -| +452 | 42 997} a fe 90) Se a ae ee 
27} + 80 |--° 6s | 40 |) Be 19-12 96 So a he a dee 
BAL | 19 ob Dk) ct Sagal Bice nw Red pete ire ha a 
Nov. 1| — 30 | + 50 |: 95 |e 4 = aie a ee ee 
Bd ie 1B eg Qe ps BO eel ve 8 gl pl be Ole 
10; — 0 | — 12 | + Sr 84 | py 0a ee ee 
| — 14] + 3.| — 8) — 11; —.52 | +) 4 | — 5 | — 22.| 4 34.) 4 40 
19| — 2 | 4 gt] 5) 16°08 6 of eh) 0) a eee 
Dees 84h ==. 16st sy i8& | 2) 89 Gg) Pe 18 el ay BA eS lie le 
4) '— 16 | 4°17 |= 66° | —) 4, | 8 ae ee er ees 
Bl tpese 19 ot mG BS al v— we, Gib] arbre: Bdecedlie—a BSc el Orel ees ete 
a3) '— 9 °| 1°38°| =a | a 8 eo pep ee ey ee eee 
OF) at | — ay | 48) ee) Sees a ee 
1895. 31) + 4 | — 39°] 451 | 2-64 eo i eee 
Jan. 1| ++ 20-| 4-406=) — 99) = 248) 8084 52 gh ee 
4) + 11 | 4°48] 4 4°) — 89 |) 99 Spe 17 Se eae are eed 
11} + 18 }.4 67) = je) 46 |) eae gee er eee 
16 | — 7-| 91 | 93 [oe 37” ee 0 0 ee eee eee 
19 | +118} +842 | 4345 |) 6 Se oe ig ee ety es 
98 |e. 99-} — 16-)— BL} 4289) ory oi ot ee ee 
94) — 42 1 4 44 | a9 |S 39 ee eee ey tee oes ee ene ge 
a7} 4-85 | ed | SS) |) Se pe ee pel Ronen ie eaeage ene och eee 
oe ee ae ee a ee ee ee he ee OTe CSE Sy ee 
Feb. 29] <b) 7) | =. 19°), = 8 al) 220. eee eal ee ca oe ae ee eg 
Mar 3) +) 10 |. 018°) 4:0 et-]) Sue te 47) 2 ape ios eee) Eee ee As 
9| +. 16*)42 58 | 2? 4t-l boas |\pe8 dae) Seidel Sean eee eed gee G7 
Mean +08 | 40 80-]) 402 | 20 16-1 eds | | Sebi) ee eo pose pee eng 
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If. 
1894. 1 z 3 4 5 6 q 8 9 10 
Feb. 1/|] + 14 | — 20; + 3 / + 18 | — 18 | + 84 | — 28 | — 41 + 15 
ie) ean core 68 eh oe) By) |G) | E90 bel gy |} — 2 a | 
RA) + 6 Je T ) + 7 | — FT | + 45 | — 88 | — Zo | — 69 — 28 
26 | — 18 | — 24 | + 6 | — 98 | — 387 | — 28 | — 22 | 4+ 387 — 37 
Mar. 4}; — 22 | + 35 | + 4 | + 49 | + 12 | — 15 | + 60 | — 46 — 14 
144; — 36 | + 38 | — 4); +4 49} + 14) — 6] + 7% | — 29 | — 1 | — 1% 
16 | — 24 | — 59 | + 30 | + 31 | — 12 | + 82 | + of | — 2 | — 46 |} + 12 
April 18./ = 29 | — 39) + 3 | + 26 |'4+ 18 | + 1)— 2 /;/— 3; — 4% | + 19 
14) e—) 19 Nh 8 eB | te 42 eo IY | — OF | + 69 | + 25 | — 63 |) --+ 10 
eee oe ese eed eb 68 ee, Ny ee) 45 es |) 26) | — 95 |~— 6 
22) + 2 | — 20 | + 40 ; + 59 | + 29 | — 69 | + 32 | — 63 | + 8 | + 9 
rahe tts ISG TSE AB |S | ee es ee ey ol a nr) ar 
20 |7— 29 | 86 | 2 =F) GL | =) 76 | —' 58 | + 76 | — 56 | — 28 | — 18 
26 | —) 82 pt 26°) — 24 | + 42 ) + 18 | + 9 | + 4 | — 44 | — 2 | + 10 
May 8/| — 40 | + 26 | — 07; + 438-| + 20 |-— 52) + 4 | — 21 | — 39 | 4 21 
9); — 2/— 7 |; + 27 ) + 57 | + 27) + 389) + 12 | — 61 | — 62 | — 20 
122; + 4; — 19 | + 11 |] + 61 | + 22 | — 72 | — 16 | — 28 | — 2% | + 18 
26| — 16 | — 12 | + 23 | + 88 | — 8 | — 28 | + 23 | — 2 | — 83 | + 26 
June 10} —- 32 | — 8 + 3 | -+ 42 | + 46 | — 6; — 8 | — 58 | — 96 |} 4+ 18 
144; — 11 | + 18 | + 12 | + 86 | + 54 | — 64 |] + 4E | — 16 — 26 
15 | — 24 + 16 + 15 + 97 + 16 — 15 — 3 — 8d — 30 — 17 
17; + 10) — 5} — 38] + 48 | + 338 | — 24% + 88 | — 1 — 51 
1895.°22 | + 380 | — 85 | — 17 | + 21 | + 68 | — 27 | 4+ 13 | — 59 + 17 
Maeno ee Oe id 00) — 45 | 88 | 8°) — 2 |. + 20 
17} — 20 | — 39 | + 34 | + 20 | + 68 | — 7 | + 60 | — dT | — 1 | + 2 
21 | + 24 | — 32 | — 9} + 39 | + 17 /} + .3)] + 6 | — 22 80 | — 19 
2; — 10 | + 19 | + 382 | — 21 | — 6 | — 20 | + 29 | — 88 | — 42 | + 42 
28; — 2) — 4; — 10 | + 64 | + 38 — 23 | — 30 | — 33 | — 77 | — 22 
April 10 | + 27 | — 28 |-4+ 18 | + 37 | + 7 | — 48 | + 17 | — 11) — 8 | — 2 
plea) St! — 57 — 16 + 44 + 31 — 14 — 38 -- 16 == Be — 3 
gene ome ea eee lie eae betik dS | Be | a7 | -—t-B5. |-—- -74 }-+- 85 
is} — 0} — 30 | — 26) + 8 | — 380 | — 50 | + 9 | — 2); — 7 | + 69 
0 ee epee sue Poo ee ite | etd) | jet g7..) —t38. | —) 82 | + 36 
20; — 1 | + i1 | —' 40} + 14) — 387 | — 12 | + 42 | + 384 | — 42 | + 28 
21); + 15 — 16 — 12 + 29 + 7 — 55 4+-1.03 — 13 ee -- 41 
fo ee ee Oe ee) GO. | 20. | — P61 | —) 86 |. +. 47 
May 1/; — 41 | +' 48 | +13 | + 69 | — 10 | — 41), — 8&8 | — 19 | — 49 | + 20 
6; — 46 | + 12 | — 5 | + 49 | +49 | — 87 | 4+ 82 | .— 33 | — 46 | 4 9 
9/ + 11 — 24 — 6 + 52 + 35 ==} If + 31 — dl —= — 4 
16; — 88 | +/82 | — 36 | + 65 | + 28 | —'40 | + 6 | — 82 / — 2 + 38 
oe ees eee eee. | ety 2894, | er sg, | —¥48 | —Lyg | 297 
92 | —' 48 | —!20 |-+'48 | +1'24 ;, —'138 |; — 3, — 23 | — 8&8 | — 77 | + 18 
23 | + 36 | — 44 | — 25 | + 22 | + 45 | — 18 ; + 89 | — 30 | — 8 13 
98); + 17 | —'14 | — 2 | + 15 | + 42 | — 24 | — i7 | — 80°) — 82 | + 2! 
29); + 19; —: 33 ) +:14 | +.-25 49 |} —'38 | + 3 |— 4] — 69 | — 30 
30 | — 48 — 4 — 19 + 29 + 59 — 22)| — 10 — 6 —— abo + 138 
June 7| — 41 | -+ 8 | +°39 | +783 | +-41 | —: 22 | +.60 | — 38 | — 29 | — 18 
8| — 22 |} — 5] + 8); +'48 | + 40}; + 2); +4 18 | — 6 | — 909 | — 8 
| -E) Ge ea) 8ny 4758.) Re A | 119) | 26, | 162.) + 22 | + 68 
J1 | — 20 | + 22 |} - 1) — 4) +4 35 | — 17 | + 27 | — BS1 | — 52 | +. 82 
14) +'28 | + 5 | + 238 | +) 381 | +:20 | —'40 | +.47 | — 82 — 18 
23) — 14) — 2/4 9) +'30 |-— 0 | — 20 | + 32 | + 8 | —' 66.) — 14 
Mean . — 09 | —! 06 | +102 | +1 8% )44+!120 | — 24: /-+178 | — 27 |-—: 40 | + OF 
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III. 
1894, 3 4 5 6 yf 8 9 
May 8|/ — 4 | — 92 |) — 41 | = 88 | -b B79) 0 429379 coe eee 
3 — 0 | — 8] + 24 | — 41 | 4) 48 a re ee ee 
26| —. 10 | — 50 | — 18 | =" 40-0) =2) o6R ee 22 ie com en oe 
a7) — 11 | — 88 | + 61) — 85 | +> 2) — TO eee ei ee 
June 10°) =) 129) ==) 46 =F 6 ==" C0 eee eee + 22 | + 42 | + 18 
165| — 15 | — 8] | — 8 |} — 89 | 4 68 oe ee 
28 | — 8 | — 411 |= 16 | —) 225) es Oe eee es 
July 9] +,2 | + 19 |] + 8 | — 58 ) = 4 0 ee eee 
12; — 2 | — 24 |) — 40 | —. 81 | 42080 ee OG es oO 
18} — 37 | + 8 |] + 6 | -— 98 | =b) 267 02—) OR ee 
17 | — 22 | — 32 |} — 0} — 88°) 4-9 46 ee ao ee 
25; — 8 | — 62 | + 47 | — 12°) 4+ 18 | + 6 Ba ee st 
Aug. 5/ + 65 | — 51 | — 2 / — 81 | — 9 |] + 20 | + 10} — 8 | + 26 
6); + 24) + 4 | — 64.) — 49° | 420 Boilie eee 
ee ee ee ee eee ie yh ee i A. 85 = 119 Fl ad 
10| + 14 | + 46 |-=} 973 ] — 8B }) -yQie) 425 Qi ei oe eG 
2i)-+ 81.) + 41°) —980 ] — ide 40 ie) a eee eee 
22); — 2] + 69 | + 2 | —1.04-) 95] 201s ee cee 
2 + 98 | — 20 | — 48} — 82) 22088) [20640 eh eee 
24) + 44 | + 18 | + 24 | —) 99) 2 B0r) Se Beli eee 
81) + 26 | — 1 | — 20°) — 88 |) 2eoay fe Be eee 
Sept. 11 | — 1.] + 84 | —=)49))-— 900) = 202 ese ee 
Mean . + 09 | — 09 | —,15 | — 54 | + 16 | 4+ 18 | 4+ 21.) + 15 | + 04 
IIL. 
1895. 3 4 5 6 of 9 
May 9] — 5.|/-—-57 | 4.19 | — 45 | 4 98) =-°16") 4 985)" ge ieee co 
10]. — 10 | — 8 | + .86 | — 60") =" Bole 380) =e 5a eee 
22; — 9 | — 22) — 8 | — 68 | + 9 | 4+ 40°) 4 BY =i eee 
28) + 20 | — 20 | + 61°) —. 91 | ee) Bl 2) 8 ee eee 
28 | — 22 | — 48 | — 14 | — 62] + 28] 4+ 11 | + 84] + 68] — 8 
29; — 31 | — 38 | + 48°] — 51°) — 6) Se 287 ee a ee 
80; — 40 |= 86°) — 11 | — 118 |) —) 9a 8 eS ot 
June 7% | + 14 | — 0 18-) 4 61) (10>) He 5 o6a = do eee ee ny 
8; —-2 | — 8 | — 7] =] 66) + 44) 49) ee) Seen a0 
11) — 31 | — 16°} — 84 |-— 46 | + 40°) 60 ae ae 
25] + 15 | — 10 | + 54 | = 98 | —797 ) = 4) Se ete eit 
July 9|-— 64+) — 23 | 4+ 56 |) = 17 | — 27) =) oss) eee ee ie 
10; — 42 | — 389 | — 6 | = 1) 4 20) 1 17 ee a om, ae 
122) — 7 | — 88 | + 48) = 99 130 15) Se eee) aa ee ea 
18) — a | — 8) + | — MO |) 9 By) = SON ee reg ore aed 
19} -+ 26 | — 28-| = 2 | Se 805 ee 88) ee ee ioe coe 
25., — 8 | + 88°) + 4952-051 108) 218 ee oe ee eee 
28) — 21 | —-86 | = Ti) 86) = 10 8 ee ee oe ee, 
80] + 8 | — 60°) + 26>) — (205 S18 1 ta eee tS 
31) 4. 6 | —.15 |. =p: 44) 2 88 | et 50 See ee ee en) ee 
Aug. 8) + 238 | — BT°| = 18) 2 8 ee ate oy eee oe iG 
tT] —)2t | — 45.) + 164 — 389 4 1h) es eee | ees 
8| —. 6 | — 40.) + £88 44— FO) 6 eee ei | ee 
10; — 8 }-— 59.) + 28) = AS ee AON Ba ee Sh) seems 0) ends 
2) + 8) — 8 | + BL fp) Se a 0 sees | eas 
15) — 63 | — 38 | + 14] — 0] + 24] — 8] + 66 | +35 | — 90 
18), — 9 | —" 8 | + 60 |) — 996 ey ey eae ees ens 
Mean . — iL |. — 28 | + 80 | —282 [0 9 fe 8 eye? 
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Iv. 
1894. | 1 2 3 4 5 6 q 8 9 10 11 12 
July 9);— 12/;— 11|/+ 9/+ 384/— 85 | — 34/4 30) — 88/4 51] — 34/ — 52] + 50 
12}+ 8)/— 6|+ 37|+-77/4+ 5|— 70] + 64| — 82/ — 19] — 80/4 42| — 22 
13 }— 19} + 50|— 76) + 24} + 11) — 19] +: 12] — 31 | — 12} — 24)/— 51/-+ 8 
Aug. 5|/— 37/}/+ 5)|— 28|+ 49|;— 19/— 1/+ 9|— 32]— 25|/— 8|— 76| +50 
6 |— 14) — 8 | — 78.) + 31 | + 23 | — 58] — 38} — 560)/— 8] + 221 — 67! + 58 
9S) — S0n aad sy) 41) 2) — 14) + 18) — 380); 4+ 7i— 4)/— eit 2 
20 |— 14| + 26} — 40/ + 26; — 34| — 387|— 8| — 49} — 33] 4+ 58} —7.72| + 68 
owes a oy) tS 36) 18 | — si | +111 9|— 3] + 19 
Pou oOa— One 40) Se | 8 | — 87 | 4 16) — 47 | 4+ 15 | — 40 aL Bil 
Stato eee oe) 6) 8 | 22) — 18 | — 47 | = 8 )— 10] — 691+ 57 
Sepia Ot one eon OOge (2a 1b 99) | == 99 | — 1 | — 94 | = 92 | + 98 
a eee ee ee ee OOM ete Qal—s O1 Ee 18) 9g |e 7 19 | 39 1 — 8 
16.)}— 814+ 5)— 5/4 23) + 81 |/— 26|-+ 55 | — 56|— 381/+ 1/— ze/ +4 11 
Oct. 95 }- 12) = 1)4 4] + 67) + 28 | — 22] + 27| — 12) — 14| — 58] =. 23 | — 26 
6i/+ 9/+ 18|/— 7%/+ 9} — 42) — 20| — 11] — 39| + 27/ + 18] — 78 | + 28 
£60) — Sis ee si 30) - 98 | + 46 | —-46 | + 21) — 16 | — 66| + 18] — 30 | —:25 
18 | — 25 | — 32 }\— 3 |)-+ 65) + 16) — 67 / + 22|)— 36/+ 15/+ 1/— 78/4 4 
P90 Oral ee 27 ee = 1B 82. == 18 |) —— 99 1) 4-619) = 81 | oy | 4 +26 
COU mb se On eee Old Gulla sia a One S0eip—— Ol edd l= 94 | od 
Nevmmete ee Salted ge) 38} ats 961 + § | — 41 | — 10 | — 37 |. — 76) 4° 8 
4\— 32)/— 5/]+ 30; +102) + 4] — 20) + 10] — 26/ —'49 | — 36/ — 32)+4 56 
tt |— fi) + 16) — 20);4 19|;— O| + 38)]+4 14/— 48/4 5}| — 26) — 37|-+ 380 
12|}+4+ 11|+ 28/4 38|+4+ 74/+ 6/— V1/| + 53 | — 22| — 45 | — 54] 4 47/4 2t 
15;— 17 |— 2 |— 48|4+ 44/4 8/4 12/+ 1)— 8/— 1)/4 1) — 65) 4 24 
19 |— 12|+ 10|— 72\|+ 3]+ 16) — 12| — 2|— 5 | — 27| + 60/— 17|— 8 
20;— 23)/+ 5/4 33/4105 |— 8/ — 2|/+ 40) — 2/4 4] — 58] — zz} — 10 
21) — 66) - 44) — 65) + 67|;— 8§|+ 7| + 14| — 65 | — 2] + 10| — 26] + 22 
22;— 50|— 8 + 28/4 17|— 30}; 4+ 2|— 6/+ 6|— 20|— 62| +4 37 
20H olan —— Og = 40 1 18) —— 0 | = 6 |) — eo) 8) — 4)/=— 69)+ 8 
27 }4 138 | — 16 20) + 66) + 338 )— 1) + 48|—. 8]-—118|+4+ 2] — 66 S— 838 
29) + 50 | — 26 i6|+ 40) + 16;— 1;— 4] — 84] — 33/ — 44] — 4 | 4+ 29 
Mean. |— 14|+ 07 |— 15 | + 46) +4 07 =-— 15 | — 36°) — 13) — 12 89 | + 20 
IV. 
1895 1 2 3 4 5 6 q 8 9 10 11 12 
July 16) — 16] — 45] — 73;+ 47|/— 4)|+4 82/4 18|/— 8L}/— 8;};+ 2)|]— 18| +4 57 
18}/— 44)/— 1/4 38|+ 78) + 27/— 15| + 68|— 74/4 6/— 381) — 25/— 5 
19 | — 72) + 64| — 66|+4+ 39/+ 383|— 9|-+ 14] — 58] — 24) + 14) — 31/— 1 
28 | + 28] — 24) + 34/+ 88/4 384)/— 8/+ 96) — 66 | — 12) — 41/4 13 | — 44 
29; 4+ 8)/+ 1/— 6/+ 2;+ 47|/— 7) + 18] — 39] — 18] + 20|/+4 50] — 81 
Aug. 10 | — 45 | — 23) + 12} + 75/+ 68| + 18] + 23|— 2;+ 3/]— 49| — 19 | — 39 
18} + 17} + 22;/— 7] — 21) + 91) + 21) + 25) + 60] — 16} — 50) — 20} — 21 
Mean. | — 14| — 01} — zo} + 40|+ 42) + 5/-+4 385 57 | — 10} — 19 | — 07 | — al 


In the following tabular statement the column headed ¢, gives the daily mean value 
of the seconds of latitude, the preceding corrections being applied when necessary. In 
column @, the corrections for aberration and final adjustment of groups derived on pages 


149 and 151 have been applied. 
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I II RHE i Tl ITI Iv v5 
$1 bo |NO) dy do |No| $1 2 |No 1 gy |No| $4 go |No| $4 bo |No| $4 2 | No 
1894 Wy, W a] 1] "I Ww 1894. 1] i] ve // /1 // if ‘I 
Jan.19/23.34 |23.23 |10 June 22/22.82 |22.92 | 9|22.94 |22.92 | 7 
25/22.'79 22.67 |10 2'7/22.86 |22.97 | 8 
27/23.28 |23.17 |10/23.09 |23.08 | 8 28/22.96 |23.07 | 8/22.93 [22.92 | 9 
28)23.34 |23.22 | 7 July 3/22.78 |22.89 | '7/22.93 |22.92 | 8 
30/22.92 22.81 |10 5/22.'79 |22.91 | '7/22.'79 |22.80 | 4 
31/23.38 |23.26 | 9 9 23.11 [23.11 | 9/22.88 |22.91/12 
Feb. 1 23.35 123.34] 9 10 22.68 |22.70 | 5 
22.81 |22.79 | 3 11 23.32 |23.33 | 1 
5/23.30 |23.20] 9 12 22.81 |32.82 | 9/22.95 |23.00)12 
6/23,23 |23.12 |10 13 22.96 [22.97 | 9/22.93 |22.97/12 
1123.17 |23.06 | 9/23.07 |23.06 | 2 1% 22.96 |22.98 | 9/22.86 |22.92| 4 
15]23.14 /23.08 | 9 24 23.16 /23.19 | 8/23.11 |23.16)/11 
16/28.28 |23.18 | 7/23.35 |28.34| 9 25 23.23 |23.26 | 9/23.01 [23.08/11 
19/23.10 |28.00 | 3 Aug. 5 22.92 |22.95 | 9/23.04 |23.10/12 
20/22.91 |22.80 | 3 6 22.68 |22.72 | 9/22.75 [22.82/12 
23/23.05 22.95 |10/22.95 |22.94 | 8 9 22.93 |22.97 | 9122.60 |22.67|12 
24/22.95 (22.84 |10/28.18 23.12 | 9 10 23.01 |23.05 | 9/22.'75 |22.83/11 
26 93.35 [23.34] 9 20 22.95 |28.00 | '7/22.77 |22.85|12 
2'7/23.57 |23.4'7 110 21 22.87 |22.92 | 9 
Mar. 8/23.42 |23.31 |10/28.41 |23.40| 8 22 23.04 23.09 | 922.90 [22.99] 12 
4|23.82 |23.22 |10/23.27 |23.26 | 9 23 22.96 |28.01 | 9/22.84 |22.92/11 
7/23,55 |23.44 |10 24 22.97 |23.02 | 9/22.92 |23.01/11 
8/23.20 |23.09 | '7/23.20 [23.19 | 3 31 22.92 |22.98 | 9/22.92 |23.01/12 
12|23.36 |23.26 |10 Sept. 7 22.91 |22.97 | 8 
13 93.18 [23.12 | 5 11 22.89 |22.95 | 9/23.00 28.11/12 
14|28.25 |23.14 |10/23.20 |23.19 |10 12 29.99 |23.06 | 8/22.85 |22.95|12 
16/28.10 |28.00 | 8/23.14 |28.14 |10 15 22.79 122.86 | 8/22.97 |23.06/12 
17/28.31 |28.20 | 8/23.38 |23.88 | 3 Oct. 2 93.00 |23.12/11 
18)23.22 |23.12 | 8 5 92.99 |23.12/12 
19 23.11 |23.10 | 9 6 23.07 |23.20/12/28.83/23.18] 8 
Apl. 6 23.56 123.58 | 1 11 23.16 |23.30| 5/23.16/23.00| 10 
22.99 |23.00 | 9 15 23.04 |23.17|11 
13 23.87 123.39 |10 16 22.90 |23.04/12/23.23/23.08) 9 
14 23.22 123.24 |10 17 23.02 |23.15/11/23,32/28.17| 10 
15 23.07 |23.09 |10 18 22.91 |23.05)12/23.31/23.16|10 
16 28.18 |23.21 | 2 19 23.12 23.25/12/23.13/22.98]10 
22 23.23 123.26 |10 20 22.98 |23.12)/12 
24 22.97 |23.00 |10 27 28.11 |23 24/11/23.25)/23.10/10 
25 23.08 |23.11 |10 31 23.24/23.09|10 
26 23.19 |23.22 |10 Nov. 1 22.96 |23.11)12/23.38]23.23/10 
30 23.20 |23.241 9 2 22.75 |22.89) 7 , 
May 8 23.04 |23.08 |10/23.17 /23.10 | 9 8 23.30/23.14/ 10 
9 22.82 |22.87 |10/28.07 |23.00| 8 4 23.07 |28.22/12 
10 23.00 [23.05 | 9/23.27 123.22 | 3 6 23.15/23.01| 6 
12 22.86 |22.91 |10/23.05 |22.99 | 9 10 23.23/23,08/10 
13 23.05 |23.11 | 4 11 23.08 |23.22 12/23.44/23.30/10 
26 23.00 |23.08 |10/22.86 |22.81 | 9 12 28.15 {28.30/12 
27 22.89 |22.97 | 8/23.08 |23.03 | 9 15 23.00 |23.14/12/23.43/23.28] 8 
June3 22.75 |22.83 | 7 16 23.10 |23.24/11/23.34/28.20] 9 
22.62 |22.'70 | 6 19 22.79 |22,92/12/23.37/23.22/10 
8 23.09 |23.17| 8 20 23.17 |23.31/12 
9 22.84 /22.93 | 9 21 93.18 |23.27/12 
10 23.08 |23.17 |10/28.04 |23.01 | 9 22 23. Odp| 23.15/11 
11 23.06 |23.04 | 1 24 23.22/23.09| '7 
12 22.96 |23.06 | 3 26 23.18 |23.32/12 
14 22.95 |23.05 | 9122.86 129.84 | 5 27 22.78 |22.91/12/23.52/23.38] 38 
15 23.02 |23.11 |10/22.95 |22.93 | 9 28 22.93 |23.07\11 
17 22.82 |22.91 | 9/23.07 |23.04 | 7 29 23.20 |23.34/12 
18 22.87 |22.98 | 3 Dec. 3 23.17 |23.31/10/23.38/23.25/10 
20 22.99 |23.09 | 8/22.91 |22.89 | 8 4 22.99 |23.12)11/23.40/23.25/10 
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£V’ IG Fis TIT TOE. TWEE IV 
py go |No| $1 $y |No} dy ho [Nol dy $2 |No $1 $2 |No| $1 2 |No| o4 $2 |No 
1894. Ha vy " ” Ui 1 yt yy 1895 7] 11 JI I Ww " 
Dec. 5/28.12/28.26)11/23.21 |23.08/10 May18/28.07 |23.13 |10)/28.19 23.14 | 6 
6/22.86)22.99/11/23.39 |23.24! 9 22/22.'77 22.88 |10/28.16 |28.10 | 9 
23 23.25 |23.12)/10 23/22.81 |22.87 |10/28.18 |23.13 | 9 
27 23.44 |23.30/10 28/23.20 |28.28 |10)22.97 |22.92 | 9 
28 23.45 |23.33) 8 29)/22.90 122.98 |10|23.17 |23.13 | 9 
1895 31 23.46 |23.33/10 30/23.00 |23.08 |10/28.18 |23.14 | 9 
Jan 1 23.37 |23.25/10 June 7/22.85 |22.94 |10/23.05 |23.02 | 9 
4 23.10 |22.97/10 8/22.84 |22.93 |10/23.12 |23.09 | 9 
11 23.25 |23.13/10 9|22.9'7 |23.06 |10/22.99 (22.96 | 8 
14 28.22 |23.10) 7 11/23.01 |28.10 |10/28.08 |23.05 | 9 
16 23.19 |23.07/10 14/23.02 |23.11 | 9 
19 23.26 |28.14/10 16/23.16 |23.27 | 1 
23 23.53 |238.41/10 23/22.89 |22.99 |10 
24 23.40 |23.29/10 25 123,11 128.09 | 9 
27 23.41 |23.29/10)/23.38 |23.37 | 8 28/22.73 |22.84 | 5 
29 23.40 |23.80| 2 29/22.80 |22.91 | 3 
31 23.46 |23.34/10/23.29 /23.28 | 9 July 9 23.01 |23.01 | 9/22.80 |22.85 |11 
Feb. 2 23.38 |23.27/10/23.15 |28.14 | 8 10 22.93 |22.94 | 9 
Mar. 3 23.47 |23.36)10 12 23.00 |23.01 | 9/22.94 |22.98 | 7 
5 28.58 |23.48)] 7 16 23.08 |238.10 | '7/22.92 |22.98 |12 
6 23.11 |23.00) 3 18 22.92 |22.93 | 9/22.84 |22.88 |12 
9 23.46 |23.36)10 19 22.'79 |22.80 | 9/22.91 |22.96 |12 
10 23.22 123.12) 5 25 22.99 /23.01 | 9/22.'76 /22.81 11 
14 23.04 |22.95) 3 26 22.86 j22.89 | 8/22.91 |22.96 |10 
16 23.24 |28.23 |10 | 28 22.90 |22.93 | 9/22.92 |22.97 |12 
17 23.28 |23.18] 8/23.24 |23.238 |10 29 22.67 |22.70 | '7/22.86 |22.92 |12 
18 23.47 |23.37| 7/23.34 |28.34 | 3 30 22.79 |22.82 | 9 
19 23.37 |23.27] 8 31 22.73 |22.76 | 9/22.82 |22.88 11 
21 23.22 |23.13) 6/22.93 |}22.93 |10 Aug.3 22.90 |22.94 | 9 
22 23.28 |23.23 | 9 | 5 22.69 |22.72 | 7 
23 23.41 |23.30) 5 q 22.84 |22.88 | 9/23.038 |28.11 | 8 
25 23.15 |23.15 |10 8 22.91 22.95 | 9 
28 22.77 |22.78 110 10 22.89 /22.94 | 9/22.80 |22.87 |12 
Apl. 10 23.18 |23.19 |10 12 22.92 22.96 | 9 
11 : 23.12 |23.13 |10 13 22.93 |23.01 12 
14 23.40 |23.42 |10 15 22.85 /22.90 | 9/22.'75 122.82 |11 
15 23.39 128.42 | 3 18 22.83 |22.88 | 9/22.80 /22.89 | 5 
18 23.28 |23.25 |10 19 22.91 |22.96 | 8/22.78 |22.87 |11 
19 23.31 |23.34 |10 
20 23.09 |28.12 |10 
21 23.17 |23.20 |10 
23 23.27 |23.30 |10 
May 1 22.99 |23.03 |10 | | 
3 23.08 |23.13 | 9 | | | 
6 23.13 |28.18 |10 | 
9 22.97 |23.02 |10/22.98 |22.91 | 9 
10 22.96 |22.89 | 9 
12 ; 22.82 |22.89 | 2 
18 23.01 |23.07 | 9 
16 22.98 |23.04 |10/23.03 |22.97 | 8 


The Constant of Aberration. 


In the expression for 4(5 + 8’)—page 84—the terms 2(¢’ + ¢/)C+ 3(d' + d/)D 
comprise the correction for aberration. Writing for C and D their values as given in 
the American Ephemeris and calling the expression x, we have 

k = 20//.4451[— 4(c! + ¢,/) cos » cos@ — $(d’ + d,’) sin@]. 


2 
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Let 20.4451 + y be the true value of the constant of aberration, x + dx the corre- 


sponding correction, 


Then « -L Aw = (207.4451 + y)[— }(c! + 4!) cos « cos @—}(d! + dy’) sin@]. 
By division 
k 20/1.4451 
k + Ak 207.4461 + y 
From which Ax=x.xz where « is written for SOUEL 


Let $1, $2, ?3, @1 be the values of the latitude given by Groups I, I, ITI, IV, 

A,, As, As, A, the constant part of the correction which these values require, 

The true value of the latitude will be 

9 = $9, + Ay + Kya 
= bq + Ay + Ky 
= Og a A, 4 Kg 
= + Ag Kye 
Employing the values of $1, $2, 3 and $, determined on the same dates and sub- 
tracting the consecutive equations we have 
O = $, — b+ (Ay — Ay) + (4 — hy) 
=. — $3 + (A, — A3) 4 (Ky — Kg) 
= 3 — 4 + (As — Ay) + (ry — %) 
= b4— b+ (Ag— Ay) + (hy — 
Adding we find 0 = SA@ + SAx.2. 

For deriving the value of y, those determinations of latitude were employed where 
both evening and morning observations were obtained on the same or consecutive dates. 
In three cases two days intervened between the morning and evening observations, and in 
one case three days. 

The details are shown in the table which follows. > is the sum of the seconds of 
observed latitude for the date indicated, the foregoing corrections haying been applied for 
reduction to mean declination of group; Sx, is the sum of corrections for aberration. 

The process of assembling in groups and formation of equations seems to call for no 
farther explanation. 
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Determination of Constant of Aberration. 


I II I : IV 
No xe XK No. Xo XK No. DX) XK No: xo =K 
1894. Jan. 27/10] 82.85 | +22.7 || 8| 24.74 |128.0 || 1894. July 9| 9| 27.95 [4+ 80.2 || 12] 34.56 — 96.5 
81| 9] 30.40] 22.0 12] 9| 25.33 | 37.9 || 12] 35.43 — 888 
Feb. 1 9| 80.16 |-147.2 13| 9| 26.67) 40.6 || 12| 35.17 |- 86.1 
4 8} 8.42 | 50.8 17| 9| 26.68 | 504]| 4| 11.45 |- 193 
5/ 9| 29.72] 25.8 . 24| 8| 25.31 | 58.5 || 11| 34.20 |— 51.3 
11| 9] 28.49] 318 || 2] 614 |— 33.6 25| 9] 29.09| 69.5 || 11| 33.16 |— 46.7 
15| 9] 28.26] 36.5 Setats 8 att 
16) 7] 22.97 | 25.2 || 9} 30.17 |—161.2 || July 17-16/53] 3.088/+ 5.42|/ 62) 2.967|— 6.27 
Feb. 7-558) 8,258/+ 3.09|/ 8i| 3.214/— i648) UIV OE a Nae 
i ge esol aca Aug. 5) 9| 26.26 |+ 93.9 || 12} 36.49 |— 21.4 
B 9 § ja 
Feb. 23/10] 30.51 | 438 || 8] 28.63 193.2 RE Sonate delist on leas 
24/10|° 29.46] 44.5 || 9] 28.21 |-148.8 Pan ear amiga ara) 8008 (o- ed 
26 9| 80.17 |—147.7 : 
27/10| 35.69 | ° 46.2 raele = = sty 
Mae 3/10! a4i1¢6| 486\|| 8! 27.29 |-1980 || Aug. 77/36] e2.ss6l+ 11.04|| 47] 2787\— 1.19 
+ .099/-+ 12.23]| 2.04 | wt 
Feb. 26-26/40| 3.245/+ 4.58|/ 34|  3.215\— 16.40 
+ 1030|-+ 20.98) 1.84 | wt. Aug. 20) 7| 20.64 |+ 93.2 || 12] 33.26 /+ 22.3 
22/ 9| 27.87 | 125.4 || 12| 34.81 + 29.2 
Mar 8| 7| 22.87] 361 || 38] 9.60 |— 444 23| 9| 26.68 | 1268 || 11] 31.24 |+ 32.3 
12/10} 33.60 | 52.6 24/ 9| 26.70 | 1284 || 11| 82.10 |+ 29.5 
13 5| 15.65 |— 81.0 31| 9| 26.31 | 1380 |) 12| 35.03 |4+ 55.7 
PATO Contes 68.00) 10) 8t.98 140.5. |) | ae : 
16| 8{ 24.78 | 42.9 || 10) 81.41 | 147.2 || Aug, 24-2443]  2.969|-+ 14.23|] 58| 2.870/+ 2.93 
17| 8| 2648] 485 || 3] 1014|— 401) “"S aie costetislacieeo. i 
Mar. 13-14|43| 3.250/+ 5.31] 31/ 3.187|— 14.91 
Sep. 11| 9| 26.00 |-+149.6 || 12| 35.94 |4+ 86.1 
08 ore 00-22) 1.20) wh, 12| 8| 23.96! 1339 || 12] 34.17 |-4+ 88:7 
€ 9 a4 > | K 
II 11 Beer pee ee ae ee 
May 8110! 30.36 — 265 || 9] 28,50 116.7 || Sep. 18-148/25] 2.892/-+ 16.78)| 36) 2.937/+ 7.54 
9/10] 28.21: |\— 23.7 || 8| 24.57 |-105.5 — 045|-+ 9.24|| 1.48 | wt. 
10| 9] 2699 |— 186 |] 3) 9.82 |— 313 
Fy" 9 a : ‘ e i : 
12/10) 28.61 |— 15.1 || 9) 27.47 |-100.5- = . 
May 10-10/39/ 2.928\— 2.15] 29| 3.116'— 12.52 
ee Taney l eeae aaa Nae Oct.  _6|12| 36.89 | 143.1 || 8| 26.61 |— 45.6 
May 26/10] 30.05 |+ 24.5 | 9] 25.77 |— 80.5 11) 5) 15.78 | 68.9 |) 10| 31.57 |— 56.7 
be 15|11| $3.44 | 145.0 
IES PENS Banc | al 16|19| 34.77 | 159.4 || 9) 29.03 |— 51.8 
May 26-26]18/ 2.955|+ 2.72/| 18| 2.972|\— 8.81 17|11) 38.24] 149.7 |; 10] 38.25 | 560 
— .017/-+ 11.53]| 0.90 | wt. 18|12| 34.86 | 162.3 || 10| 33.06 |— 55.9 
19/12| 37.45 | 163.6 || 10| 81.34 |— 55.6 
June 10/10] 30.81 |+ 646 || 9| 27.84 |— 44.5 || - bs tees ik Ca tee 
14/ 9] 26.56] 69.1 5) 14.29 |— 11.3}. Oct. 15-15)75|  38.019)4+ 18.23)) 57| 3.243/— 5.64 
15|}10} 80.18 77.6 9] 26.58 |— 82.0 z — ,224/+ 18.87||8 24| wt. 
17| 9] 25.34] 75.9 || 7| 21.48 |— 215 
20} 8} 23.94] 75.2 8| 23.25 |— 17.0 |) Oct. 27/11| 34,16 | 156.7 || 10| 32.46 |— 53.5 
22) 9} 25.86 |+ 86.5 7} 20.58 |— 91 Nov. 1/12) 35.55 | -175.7 || 10] 883.77 |— 51.6 
= 21 7| 19.28] 1071 
June 16-16/55| 2.949'+ 8.16]| 45] 2.967|\— 3.01 3 10| 32.95 |— 50.6 
TIL —  .018|-+ 11.17|| 2.47 | wt. 4|12| 86.88] 177.8 
6 6| 18.88 |— 25.1 
June 26] 8| 23.70 |+ 85.7 || 9] 26.85 [+ 1.6 10 10| 32.85 |— 47.2 
July 8/ 7| 19.46} 9803 |/ 8) 23.42 |-+ 13.9 11/12] 36.97] 179.0 || 10) 34.42 |— 46.5 
5| 7| 19.56 |+ 932 || 4| 11.16 |+ 16.2 12/12| 37.84) 178.8 
July 21/22] 2.851/+ 11.38] 21] 2.901/+ 1.51]/ Nov. 5-4/66/ 3.040/4- 14.77] 56] 3.3801\— 4.90 
— .050|-+ 9.82]| 1.07 | wt. _ | |= -261]4 19.67] 8.03 | wt. 
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IV I iat I 
Nol 2 |" Se |! no.| 2 SK No,| 26 om can 2 a 
1894, Nov. 15] 12] 85.94) 178.6 || 8) 27.45 | 865 |(1895. May 28 |10| $2.05 |+ 29.2 |) 8) 36.78 | The 
16/11} 3410] 1644 |/ 9] 30.08 | 87.8 a mate ee 5 Pisce dae ries 
19/12] 33.42] 1777 || 10] 383.66 |— 41.6 3 . 
22/11] 83.05 | 161.2 | 
24 7| 22.55 |— 22.9 || May 29-29|80] 38.036/+ 3.20 || 27| 3.109\— 8.23 
26/12] 8815] 173.6 — .073|-+ 11.48 || 1.42 | wt. 
27/12| 88.36] 1728 |] 38] 10.56 |— 4.9 
= Ae: ectee i June 7}10| 28.55 J+ 56.1 9| 27.47 |— ee 
Nov 21-19/70| 2.972/4 14.69|] 37| 8.859\— 3.87 Aba ee Cita arg 
— .887/+ 18.56) 2.42 | wt 9 : p ; 
11/10} 30.07] 66.7 9| 27.75 |— 43.6 
Dec. 8/10} 31.20] 142.8 |] 10] 38.82 |— 80.8 
4/11] 82.84] 154.3 ]/ 10] 38.96 |— 30.1 || June 9-9/40} 2.918/+ 6.08 || 35| 3.065|— 5.49 
5/11] 34.82] 1581 |] 10] 82.09 |— 29.1 — 147+ 11.57 ||1.87| wt 
6/11| 81.43) 152. 4| 80.47 |— 28.2 
Sess es es : boas . June 238110) 28.86 |+ 93.7 oleae a 
D 5-4|43/ 3.080/+ 14.00]/ 39] 3.842\— 38.02 25 ae le 
a s 3124 17.03}| 2.05 | wt. 28| 5) 13.64) 57.0 
I. iat June 25-25 |15| 2.833/+ 10.05 || 9] 3.107 0.84 
— .274/+ 10.89 ||0.56| wt. 
1895. Jan. 27/10] 84.08 |+ 22.2 || 8| 27.04 {127.8 
81/10] 34.60] 25.9 || 9| 29.62 |-146.3 ul Iv 
Feb. 2/10] 83.80 | 27.6 |} 8] 25.19 |—132.1 
Jan. 30-80/30| 3.4t6l+ 2.59|| 95/4 s.974\— 16.95|| July 9] 9| 27.08 }+ 20.5 || 11] 30.82 | 85.8 
I-II + .142/4 18.77|| 1.86 | wt. ie 2 + a a ie ae eee 
Mar. 14| 8) 9.121 17.0 18| 9| 2624] 52.1 || 12] $410 | 74.0 
16 10| 39.40 1475 19| 9; 25.09] 546 || 12] 34.88 '— 708 
17] 8} 25.88] 48.4 || 10] 32.88 |—146.0 ; 
18| 7 24.98 38.1 9] 30.10 |—129.6 July 15-15 | 48 2.953/+- 4.90 54 2.879|— 6.56 
21) 6| 19.82] 82.7 || 10] 29.82 |—140.0 III-IV + .074)+ 11.46 || 2.39 | wt. 
22 9} 29.09 |—125.5 
98) 5] 17.04) a7 Tuy Sel 8] geo |? cae || tol ao0r — 480 
A eed GE pee 28 9/ 26.00) 75.9 | 12) 85.04 — 45.7 
ee ee eres 29 18.71 58.1 12} 34.384 |— 44. 
Mar. 19-20/29) 38.298) 5.47|| 58 $.187|— 14.17| 81 ; 94.58 82.5 Tdi S8in08aI— 33-8 
+ .111/+ 19.64] 1.93 | wt. | 
July 28-28 | 42] 2.838/+ 828 || 56] 2.8538\— 3.95 
I TI — .015|-+ 12.23 |/2.40| wt. 
May 9/10] 29.72 |— 24.4 9; 26.79 |—115.4 || Aug %| 9| 25.57 97.7 8| 2426 — 1.9 
0 9) 26.60 |—113.7 "S  40) 9) 26:08 | 1084 || 19| 362 [— 75 
12} 2] 5.64 /4+ 23 12] 9| 26.26 | 107.4 
16/10} 29.84 |— 4.5 8} 24.22 |— 91.2 18 12| 35.16 |+ 1.8 
18|10} 80.72 |+ 1.8 || 6] 19.16 |— 59.1 15| 9| 25.65] 1129 || 11] 30.20|+ 78 
22)10/ 27.67 |+ 12.8 |) 9] 28.39 |— 89.8 18| 9| 25.50 | 118.5 5| 13.99 |4 17.5 
__ 98/10) 28.08 |+ 15.8) 9) 28.63 |— 87.6 19| 8| 23.30] 105.9 || 11] 30.58 |+ 21.2 
May 17-16|52} 2917+ 0.04] 50] 8,076|— 11.18] Aug.18-18/53| 2.874/-+ 12.18 || 59) ~ 2.844/+ 0.66 
g is 
II-III — 159+ 11.17//2.55 | wt. + .080/4+- 11.52 |/2.79 | wt. 


| 


In combining the foregoing expressions to form the final equation the weights are 
given by the formula 


nn! 


P= 10m + n') 
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The two series of values for I-IJ, II-III, and III-IV have been combined by 
weights in the final expressions given below.* 


Ag K Wt. Ag K Wi. 
1894. Feb. 6 | I—II +.044 +19.57 | 196 
2 +.030 20.98 | 1.84 || 1895. Jan. 30 | I—II +,142 18.77 | 1.36 
Mar. 14 -+.063 20.22 | 1.80 Mar. 20 111 19.64 | 1.98 
Mean +.0455 | +20.24 | 5.60 Mean -L,1238 | +19 28 | 3.29 
May 10 | II—III | —.188 +10.87 | 1,66 May 17 | II—III | —.159 +1117 | 2.55 
26 —.017 11.53 | 0.90 29 —073 11.48 | 1.42 
June 16 —.018 salle || heli June 9 —.147 157 | Si 
July 2 —.050 9.82 | 1.07 25 spl 10.89 | 0.56 
Mean —.0697 | +10.77 | 6.10 Mean —.1465 | -++11.32 | 6.40 
July 17 WI—IV | +.071 +11.69 | 2.86 
Janse, Yh + .099 12.23 |_2.04 July 15 | III—IV | +.074 +11.46 | 2.39 
24 +.099 TAL SiO Phe 57 28 —.015 12.23 | 2.40 
Sep. 138 —.045 9.24 | 1.48 Aug. 138 +.030 11.52 | 2.79 
Mean +0659 | +11.80 | 8.85 Mean +.0296 | +11.73 | 7.58 
Oct patos | DVT —.224 +18.87 | 3.24 
Nov. 5 —.261 19.67 | 3.03 
20 —.387 18.56 | 2.42 
Dec. 4 —.312 17.08 | 2.05 
Mean —.2880 | +18.67 | 10.74 
19.88 #-- 20745 ==0 
11.05 «— .1090 =o 
11.50 ¢—- .0492 —o 
18.67 «— .2880 = 0 
61.10 «— iso —0 
a= + 0.004473 
== -0915 
20.4451 
Aberration 20//.5366 


Adopting this value of the constant of aberration as that best suited to present pur- 


poses, the necessary correction to the latitude is found by multiplying the computed 
reduction for aberration by the factor .004473. 
After applying these corrections to the latitudes we are prepared to form the con- 


dition equations for adjusting the declination systems of the different groups in order to 


free the results from systematic differences. 


*If we reduce these as two separate. series, the term IV-I appearing in both, we find for the constant of 


aberration— 


First series, 20//.5277 


Second 


20 .53893. 
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Assembling the corrected latitudes in groups covering convenient periods, which in 


the present case have an average duration of about sixteen days, we have the results given 


below. As before p= 


ni! 


THE SAYRE OBSERVATORY. 
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10(v+n') 
T \Nol 25 | Nol” Dar) Nees Ty ere Ag P - 
‘/ tl ‘I ‘/ 
1894. Jan. 19-Feb. 16 | 3.201 |100} 3.140 | 31 II—I | —.061 | 2.387 
Feb. 19-Mar. 3] 3.2385 | 46) 3.141 | 34 PON —.094 | 1.95 
Mar. 4-Mar. 18 | 3.822 | 71) 3.187 | 40 —.185 | 2.56 
—.1165} 6.88 | .1453 
Mar. 19-Apl. 15 3.117 | 49 
Apl. 16-Apl. 30 3.104 | 51 
May 8-May 13 2.930 | 43) 3.060 | 29 III—II | +.130 | 1.738 
May 26-June 15 2.961 | 80) 2.944 | 42 203 —.017 | 2.75 
June 17-July 5 2.908 | 59) 2.934 | 48 +.026 | 2.49 
+.0348) 6.97 | .1485 
July 9-July 25 3.087 | 59) 9.939 | 62) IV—III | —.098 | 3.02 
Aug, 5-Aug,. 22 2.968 | 61] 9/803 | 711 . 4s | —-165 | 3.28 
Aug. 28-Sep. 15 2.991 | 60) 9941 | 70 —.050 | 3.23 
—.1048) 9.53 | .1049 
Oct. 2-Oct. 20 | 3.918 | 57 110/ I—IV | +.151 | 3.7% 
Oct. 27-Nov.12 | 3.969 | 66 aoe 66 1%4 -+.163 | 3.30 
Nov. 15-Nov. 27 | 3.349 | 37 3.082 | 94 -+.260 | 2.65 
Noy. 28-Dec. 6] 3.398 | 39 3107 | 66 +.221 | 2.45 
1894-1895. +.1921} 12.15 | .0823 
Dec. 23-Jan. 4] 3.339 | 58 
Jan. 11—Jan. 24 | 3319 | 57 
Jan. 27-Feb. 21! 3.497 | 82) 8.201 | 25 II—I__| —.226 | 1.40 
Mar. 3-Mar. 28 | 3.391 | 72| 3.063 | 68 go's —.328 | 3.50 
—.2989| 4.90 | .2041 
Apl. 10-Apl. 19 8.217 | 58 
Apl. 20-May 6 3.099 | 59 III—II_ | +.072 | 4.17 
May 9-May 30 2.970 | 91} 38.042 | U7 suls +.109 | 2.67 
-+-.0864| 6.84 | .1462 
June %June 29 
2.944 | gg] 3.053 | 44 
ARES ag Cats: 2.919 |103| 2.842 |110) IV—III} —.077 | 5.08 
ug. 8-Aug. 19 2.917 | 78 2.847 | 59! 40’, | —.079 | 8.86 
| —.0742) 8.44 | .1185 


If we represent by ., yv. . . 


. . the required corrections to the observed differences 


(II-I), (IUI-II) . . . . the following conditions must be satisfied : 


2% + 9p + 43+ 1 M% 


2”) 


33 


rr 


ears tat 


— 30's 


=+ 


=-+ 1824 


0056 
0516 
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Employing the weights given in the table preceding and solving our equations by 
the method of correlates, we find the following normal equations : 


4760 k-+- 1458 &! + 1485 4! +-. a A ale aa 0056 


1453 4+.34944/ —+ 1824 

1485 & | 2897 k! =— ,0516 

1049 i 1.2284 4/7 = — .0306 

From which Also 

B =—.1026 y= .1458(b-- kb! )=+.0671 
ki =+.5647 Po  -1485(k +k! \=—.0330 
kl! =— 1272 gs 1049+ ke! =—.0201 
ki!!! = — .0888 y= 0823 i —— 0084 
p= —.2041 ki! == 1153 
p= — 1462 —-+ 0186 
io) ae 185 WI > = 0108 


Therefore for the corrected differences 


II— I[=—.1836 
TII— IL=-+ .0678 
IV—Il[=— .0847 

I—IV =-+.2005 


The algebraic sum should, of course, be zero. 


From these relations 


I= II +.1836 
=[I1 4.1158 
=IV +2005 


Subtracting 0.1250 from each side of our equations in order to make the sum of the 
corrections zero, we obtain the following values, which must be applied to the lati- 


tudes derived from the respective groups in order to reduce all to a homogeneous system : 


10-125 
11/4-'0.059 
ILI —.0.009 
IV:+ 0.075 


A. P. S.—VOL. XX. T, 
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Applying these corrections to the values of the latitudes givea on page 150, we 
obtain the final results, as follows: 


Final Values of Latitude—All Corrections Applied. 


Weighted Mean Date. ob No. 196 No. TIT No. IV No. ae 
1 1894 Feb. 4 8.076 | 100 3.199 31 3.137 
2 Feb. 25 3.110 46 8.200 34 3.155 
3 Mar. 13 3.197 71 3.196 40 3.196 
4 Apl. 9 3.176 | 49 3.176 
5 Apl. 25 3.163 51 3.168 
6 May 10 2.989 43 3.051 29 3.020 
u June 6 3.020 50 2.9385 42 2.977 
8 June 20 2.967 59 2.925 43 2.946 
9 July 16 3.028 59 3.014 2 3.021 
10 Aug. 13 2.959 61 2.878 tg 2.918 
al Sep. 5 2.982 60 3.016 70 2.999 
12 Oct. 14 3.093 57 3.142 110 3.117 
13 Nov. 4 3.144 | 66 3.181 66 3.162 
14 Nov. 21 8.217 37 8.157 94 3.187 
15 Dec. 4 3.203 39 3.182 66 3.192 
16 Dec. 29 3.214 58 3.214 
17, 1895 Jan. 18 8.194 oT 3.194 
18 Jan, 31 3.302 32 3.260 25 8.281 
19 AYE 3.266 72 3.122 68 3.194 
20 Apl. 15 3.276 53 8.276 
21 Apl. 27 3.158 59 3.159 
22 May 20 3.029 91 3.033 fs 3.031 
23 June 13 3.003 68 3.044 44 3.024 
24 July 21 2.910 | 103 2.917 110 2.914 
25 Aug. 12 2.908 18 2.922 59 2.915 

635 751 596 708 


The folded sheet which follows gives the individual values of the seconds of latitude, 
all corrections and reductions haying been applied. 

The probable error of a single determination has been derived from these final values, 
and therefore includes that part due to the adjusted declinations as well as that of obser- 
vation. | ; 

The results are as follows: 

For Group a 7 =0//.218 from 685 residuals ‘ 


212 751 
Tit .189 596 
IV 198 708 


Mean 7=0/.208 2690 — whole number of latitude deternunations. 
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ARTICLE IV. 


A STUDY OF THE CHROMOSOMES OF THE GERM CELLS OF METAZOA. 
Plates IV—VIII. 
BY THOS. H. MONTGOMERY, JR., PH.D., 


ASSISTANT PROFESSOR OF ZOOLOGY, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA. 


Read January 18, 1901. 


I. Iyrropvuction. 


The present study is practically a continuation of previous work of mine upon sper- 
matogenesis in the Arthropods. It was undertaken primarily to correct certain errors of 
interpretation and observation in my work on Pentatoma ( Huchistus). But many mor- 
phological problems arose in connection with this reéxamination, such as the significance 
of the changes in the synapsis stage, the significance of the chromatin nucleoli, the 
reasons for a reduction division, the significance of the sequence of the stages of the 
germinal cycle, and the question as to why different species have different numbers of 
chromosomes. Thus my inyestigations given here are essentially on the history of the 
chromosomes during the germinal cycle. 

It is impossible to answer these problems by an examination of a single species, and 
accordingly there are presented here the results of a comparative study of the spermato- 
genesis of some forty-two species of Hemiptera heteroptera, belonging to twelve different 
families. This comparative study has brought to light certain wholly unexpected phe- 
nomena, and none less anticipated than the discovery of four species with an uneven 
normal number of chromosomes; this discovery has furnished facts for explaining how 
the chromosomal nunibers may change with the evolution of the species, and how the 
chromatin nucleoli may have originated. And only such a comparative study could 
furnish facts to show that in the synapsis stage bivalent chromosomes are formed by the 
union of paternal with maternal chromosomes—4. e., that this is the stage of conjugation 
of the chromosomes. The comparative method in Cytology cannot be overestimated, 
hough of course careful detailed examinations of single objects should be carried on at 
the same time. For a single object is rarely capable of serving as the basis of explana- 
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tion of all the problems; an investigation of a number of forms always shows that some 
are more fayorable than others for answering certain questions, and then there is the 


_chance that a wholly unexpected discovery may be made that may have great signifi- 


cance. So the plea is made here for the comparative method in Cytology, and Cytology 
should not be ranked as a line of work separate from others—it is all Morphology in the 
broad sense of the term, and it only happens that in Cytology we use higher magnifica- 
tion powers of the microscope than in other lines. If one form shows phenomena that 
seem inexplicable after careful work, then the proper method, the one that would promise 
asurer reaching of results, is not to reéxamine this form again and again, but to compare 
other forms in the search for the explanation. 

In the present paper the part containing the general conclusions may appear dispro- 
portionally great to the record of the observations. These observations are to great 
extent on the number and valence of the chromosomes and chromatin nucleoli from the 
time of the last generation of the spermatogonia up to the formation of the spermatids. 


But the determination of these numbers is very difficult ; large numbers of sections have 


to be examined in order to find the necessary stages, and the number of the chromosomes 
of each stage have to be counted in a considerable number of cells of each species in order 
to insure accuracy. ‘The counting has been done in all cases by selecting those cells in 
which the chromosomes are most loosely grouped, being sure at the same time that all 
the chromosomes are in the plane of the section, drawing the chromosomes carefully with 
the camera lucida, then counting their number on the drawings, This demands much 
patience and time, necessitating also constant reéxaminations and study of new material, 
though the results may be tabulated in a very small space. Of course the difficulties are 


~ most pronounced where the chromosomes are numerous and small. 


The material was collected by me at two localities—in the vicinity of Philadelphia, 
Pennsylvania, and in the neighborhood of Wood’s Hoil, Massachusetts. Great care was 
taken to insure accurate identification of the species, and my specimens were directly | 


“compared by me with the collections i in the museums of the Wagner Institute of Science 


and of the Academy of Natural Sciences of this city; these collections had been labeled 
_ by Dr. P. R. Uhler, of Baltimore, our foremost American authority on this group of | 
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stronger solution), Hermann’s chromo-aceto-platinie chloride mixture, and a picro-acetic 

mixture recommended by Prof. Conklin (100 parts saturated aqueous solution of picric 

acid, 100 parts distilled water, 6 parts glacial acetic acid) being used. Of these the 

mixtures of Flemming and Hermann proved the best for the chromosomal structures, for 

the picro-acetic mixture, while giving an excellent preservation of the actromatic spindle 

structures, swells the chromosomes very considerably so that on pole views of monaster 

stages they generally appear closely apposed to one another, which makes it difficult to 

count them. Where the species is small it is necessary to remove the testes in the fixa-_ 
tive under a dissecting microscope. The sections were stained either by the iron-hema- 

toxylin method of Heidenhain or by the saffranine-gentian violet method of Hermann. 


Il. OBSERVATIONS. ‘ 
PENTATOMID&. 


1. Euchistus variolarius Pal. Beauv. 


This is the species the spermatogenesis of which I described under the name of 
“ Pentatoma” in a former paper (1898); twenty-eight testes were studied from adult 
individuals of all seasons except the winter months. | 
In my former paper (/. c.) I did not find chromatin nucleoli in the spermatogonia; I ‘ 
concluded that there was no stage of longitudinal splitting of the chromosomes during the | 
growth period, and I concluded that the second maturation division was a reduction sf 
mitosis like the first. Shortly afterward appeared the papers by Paulmier (1898, 1899) 


on the spermatogenesis of Anasa tristis, wherein he showed that there are two chromatin 

nucleoli (his “small chromosomes”) in the spermatogonia, and that these unite in the = 

spermatocytes to form one bivalent one; that the chromosomes undergo a longitudinal = - 

splitting in the growth period, and that the second maturation division is equational. In 3 ay 

—— those points wherein I differed from Paulmier, I find that Paulmier is correct, and that I F 5 
Py 


gave a wrong interpretation to the phenomena in Huchistus. I find nothing to correct in 

the matter of the other points described in my earlier account, and here give briefly _ 

merely the necessary emendations to my former paper. | of: os 
Spermatogonia.—In the resting spermatogonium there are in the elas My 

eee nucleolus iS whieh He ee be ‘more than one wo smal | 
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and more spherical than the chromosomes. In the monaster stage, in favorable cases 
where the chromatic elements are not too densely arranged, are seen fourteen larger 
elements, the chromosomes proper, and two smaller ones regularly rounded in form, 
which are the chromatin nucleoli (Figs. 2, 3, V. 2). Sometimes the chromosomes are 
rounded, but since they frequently appear slightly elongate on pole view of the spindle, 
their division in metakinesis must be an equational one. In the metakinesis all sixteen 
elements, the fourteen chromosomes and the two chromatin nucleoli, are divided, so that 
each daughter cell (first spermatocyte) receives sixteen elements. 

Thus there are two chromatin nucleoli in the spermatogonia, and the chromatin 
nucleolus of the spermatocystes is not, as I had previously described, formed by a modifi- 
cation of one of the fourteen chromosomes of the spermatocytes, but is derived from the 
two of the spermatogonia. My error was perhaps excusable, since in restudying the 
preparations which were used for my former paper I find that they are not suitably 
stained to show the chromatin nucleoli in the spermatogonia. 

Growth period of the spermatocytes (anaphases of the-last spermatogonic division, 
synapsis, postsynapsis, telophase and rest).—The fourteen chromosomes in each daughter 
cell (first spermatocyte) pass toward the pole of the spindle and become irregular in 
contour and form. ‘Then each becomes longitudinally split (Figs. 4-11). This splitting 
cannot be clearly seen in all preparations, and is by no means as clear as in Anasa and 
certain other Hemiptera ; the preparations of my former paper were too deeply stained to 
show it. The split commences in the early synapsis stage (Fig. 4) and is most marked in 
the postsynapsis (Fig. 9), and is clearly a single longitudinal split. Never do the split 
halves separate widely from one another, as Paulmier found for Anasa, but always appear 
to remain close together and approximately parallel; at the most there is a divergence 
only at the ends of the chromosomes. On deep staining the split may be easily over- 
looked. The two chromatin nucleoli do not become loose in texture, retain their charac- 
teristic red stain with saffranine, and join together in the early synapsis to form one 
dumbbell-shaped (bivalent) one (WV. 2, Figs. 4, 5, 8, 10); they do not become longitudi- 
nally split like the chromosomes proper. In the early synapsis they are frequently very 
irregular in form, as I showed in my previous paper, but the apparent fragmentation of 
them which I then described—a fragmentation of a single long one into two—is not a 
fragmentation at all, but a stage before the two have joined to form one bivalent one. 

Reduction in number of the chromosomes.—In my earlier paper I showed that the 
number of chromosomes is reduced one-half during the synapsis period—. e., long before 
the maturation divisions. I then considered it probable that the reduction in number 
was effected by a union of chromosomes end to end, but was unable to prove this point. 
Since then I have been able to demonstrate that this numerical reduction is effected in 
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the synapsis by the union into seven pairs of the fourteen chromosomes, each of the 
seven bivalent chromosomes (pairs) being composed of two univalent chromosomes joined 
end to end (Figs. 5-11). Where the ends of two univalent chromosomes come together 
is seen a connecting band of linin; each bivalent chromosome during the synapsis and 
postsynapsis is U- or V-shaped, and the bend or angle of the U or V marks the point of 
union of two univalent chromosomes; the arms of the U or V are longitudinally split. 
In each bivalent chromosome only one end of each univalent chromosome is thus closely 
connected with one end of the other, the opposite ends of the univalent chromosomes 
haying no such linin connections. It has been already mentioned that the two chromatin 
nucleoli come together likewise to form one bivalent one, and it can be seen that they are 
connected by a band of linin. 

In a paper on the spermatogenesis of Peripatus (1901) I showed that it is a particular 
end of one univalent chromosome which unites with a particular end of another; these 
ends are the ones which point nearest to the pole of the spindle in the anaphase of the 
last spermatogonic mitosis, the “ central ends,” as I have called them, in distinction to the 
opposite or “distal ends.” In Huchistus, on the contrary, 1 am unable to determine 
positively whether it is similar ends of chromosomes which unite, because in this form the 
chromosomes have a much more irregular position within the nucleus; the polarity of the 
nucleus is not so well marked as in Peripatus. In the cell body the polarity is as in 
Peripatus: that pole with the greatest amount of cytoplasm and containing the idiozome 
mass is the distal pole (the one which in the dyaster stage of the last spermatogonic 
division was in the equator of the cell). This polarity of the cell body is shown in Figs. 
4,5 and 8; I figured it also in a number of cases in my previous paper, but then errone- 
ously supposed the idiozome mass to occupy that point where the spindle pole had previ- 
ously been, whereas I am now able to determine positively that this pole is situated 
directly opposite, namely, where the least amount of cytoplasm is situated. Now it would 
appear in Huchistus, though not nearly so regularly as in Peripatus, that it is the openings 
of the U- or V-shaped bivalent chromosomes that are directed toward the distal pole of 
the cell body (toward the pole where the idiozome mass is placed). Figs. 4, 5 and 8 
show this for certain of the chromosomes, while other ones (as two in Fig. 5) may have 
their openings in opposite directions. Thus in Huchistus there is more irregularity in the 
positions of the axes of the chromosomes, so that I have been unable to determine | 
whether it is, as in Peripatus, only particular ends of the univalent chromosomes which 
unite with particular ends of others. ) 

Throughout the growth period can be seen two kinds of linin threads: (1) thicker 
threads which connect the ends of the chromosomes, and (2) more delicate ones which 
join chromatin granules with the nuclear membrane, Apparently, as I have shown for 


wee 
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_Peripatus, the former, together with the linin contained in the chromosomes (axial 


threads), together constitute a single continuous linin spirem in the nucleus. 

fest stage of the spermatocytes—A. rest stage in the growth period preceding the 
prophases of the maturation mitoses is well marked in Huchistus (Fig. 12 and Figs. 
95-100 of my preceding paper) ; though I can confirm Paulmier’s observation that such 
a stage does not occur in Anasa. It is characterized by.a huge true nucleolus, by a 
rather diffuse and scattered distribution of the chromatin so that chromosomal boundaries 
are practically indistinguishable, and by the diffuse arrangement of a great amount of 
idiozome substance all around the nucleus, so that an idiozome mass with sharp outlines 
is not present; the idiozome mass in the synapsis stage (Figs. 4, 5, 8), on the contrary, 
had a sharp and distinct outline. The bivalent chromatin nucleolus has now become 
nearly rounded in farm, rarely showed a dumbbell shape, so that its component parts are 
very closely apposed. It lies peripheral, in contact with the nuclear membrane, while the 
true nucleolus lies nearer the centre of the nucleus. Sometimes a much smaller rounded 
body, staining like the chromatin nucleolus, is also found in the nucleus, but what. its 


origin is I have not been able to determine, for I have not found it in the spermatogonia, 


though it might well escape detection there on account of its small size. 

As to the terminology adopted by me in my former paper (1898) for the series of 
stages of the growth period, which has been criticised by McClung (1900), the term 
“metaphase ” was, I grant, used by me incorrectly, for I used it for the commencement 


_ of the anaphase, whereas it is really Strasburger’s stage comparable to Flemming’s “ meta- 


kinesis.” However, the exact use of these terms was explained by me (1898, p. 20). 
In the stages leading up to the resting spermatocyte I distinguished “ early anaphase,” 


9 ce 


“synapsis,” “postsynapsis,” and “telophase” as easily recognizable stages in the growth 


period of Huchistus which need to be characterized by terms for purposes of description. 


McClung (7. c.) considers the appearances of the synapsis stage as artefacts; it is hardly 


necessary to reply to this criticism, since in all Metozoa where the spermatogenesis has 


been carefully examined, with the exception of certain Amphibia, the dense massing of 


the chromosomes in the synapsis stage has been shown to be a perfectly normal phenome- 
eo As to my use of “telaphase, ” Heidenhain’s (1894, p. 524) definition is: “ Unter 
dem pamen Telokinesis besehreibe Bol eoaree See des Kerns und os bee 
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less extent, according to the object, the stages which precede and those which succeed. 
It results from this that the stages of mitosis of the growth period cannot be exactly 
compared with those of other cells, and hence the terms “anaphase” and ‘telophase ” 
can here haye a significance only approximately similar to that of other mitoses. 

The maturation divisions.—In the early prophases the longitudinal splitting of the 
chromosomes is well marked, clearer than in preceding stages (Figs. 18, 14). Hach 
chromogome is, as before the rest stage, clearly bivalent, formed of two longitudinally split 
uniyalent chromosomes joined so as to make an angle together (Figs. 13-15), and at the 
bend of the angle is a connecting linin thread. These forms of the bivalent chromo- 
somes were clearly figured in my earlier paper, except that then I had overlooked the 
longitudinal split. The chromosomes gradually become closer, shorter, with smoother out- 
lines, the longitudinal split gradually becomes hidden, and the definitive chromosome with 
the form of a dumbbell results (Figs. 16-18). In the definitive chromosome there is 
usually no trace of the longitudinal split, except occasionally as a slight indentation at 
the free end of a uniyalent component. The constriction of the dumbbell marks the point 
of union of two univalent chromosomes, which is effected by a linin band which gener- 
ally never becomes quite hidden. 

In the late prophases, just before the disappearance of the nuclear membrane, and 
when the centrosome pairs haye reached opposite poles of the nuclear surface, a remark- 
able condition of the linin threads is found (Fig. 17); it was also shown in Figs. 152 
and 153 of my earlier paper. The linin, previously in the form of fibres or strands, 
now takes the form of chains of small globules—quite as Van Beneden (1883) had 
figured for Ascaris. I cannot explain this condition, but I have found it always at this 
stage, and at this stage only. 

In the first maturation division there are seven bivalent chromosomes and one biyal- 
ent chromatin nucleolus, and all these elements are divided transversely in metakinesis, 
being placed in the monaster stage so that their constrictions lie in the plane of the 
equator. Fig. 18 shows .a monaster stage with all these elements on lateral view, Fig. 
19 on pole view ; this stage was accurately described by me in my former paper, so that 
I have no additions to make to that description. Whole univalent chromosomes are 
separated in the ensuing metakinesis, and the univalent components of the chromatin 
nucleolus are also separated. 

When the daughter chromosomes separate in the anaphase a constriction or indenta- 
tion appears on them (Figs. 193-201 of my preceding paper). This I am now able to 
prove, in agreement with Paulmier’s observations on Anasa, is the reappearance of the 
longitudinal split ; this indentation or constriction becomes placed in the equatorial plane 
of the monaster stage of the second maturation division, so that the latter division divides 
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the chromosomes equatorially. In the anaphase of the first maturation division the con- 
striction of the chromosomes generally has the appearance shown in Fig. 195 of my 
former paper; while Fig. 196, which I then considered to represent the typical condition, 
I now, from the study of more abundant material, find to be an unusual condition. That 
is to say, the appearance of the chromosomes shown in Fig. 196 of my preceding paper 
is really atypical, since in this case their constrictions appear at right angles to the long - 
axis of the spindle, whereas in most other cases the planes of these constrictions coincide 
with planes passing through the long axis of the spindle. In this second maturation 


division the chromatin nucleolus is not always divided. 


2. Huchistus tristigmus Say 


Four testes of this species were studied. 

In the rest stage of the spermatogonium there are two small chromatin nucleoli, 
generally attached to the surface of the true nucleolus. 

In the spermatogonic mitosis there are fourteen chromatin segments in the equatorial 
plate (Pl. I, Fig. 20); the twelve larger, usually somewhat elongate ones are chromo- 
somes, and the two smallest, rounded ones are chromatin nucleoli. All these elements 
are halved in metakinesis. . 

In the synapsis stage the twelve chromosomes unite to form six bivalent chromo- 
somes. The two chromatin nucleoli sometimes unite to form a bivalent one, which is 
clearly dumbbell-shaped in earlier stages, but in the resting spermatocyte becomes 
rounded and has_a peripheral position (Fig. 22); or quite as frequently they remain 
separate from one another during the growth period, and are seen to be of unequal vol- 
umes (Fig. 21). The chromatin nucleoli in the growth period are rarely attached to the 
true nucleolus. 

In the first maturation division there are always six clearly bivalent, dumbbell- 
shaped chromosomes and either one dumbbell-shaped bivalent chromatin nucleolus or, 
apparently more frequently, two univalent chromatin nucleoli of more or less rounded 
form and different volume (lateral view shown in Fig. 25, N. 2). Accordingly, on pole 
views of the monaster stage there are seen either seven chromatin elements (Fig. 24), 
which are six bivalent chromosomes and one bivalent chromatin nucleolus, or there are 
eight, namely, six bivalent chromosomes and two univalent chromatin nucleoli (Fig. 23: 
in this figure one of the chromatin nucleoli can be distinguished by its smaller size, but 
which of the remaining seven elements is the other chromatin nucleolus is not easily dis- 
cernible on pole views, since the larger of the two chromatin nucleoli has a diameter 
equal to that of one of the smaller chromosomes). 

All the six chromosomes are halved (by a reduction division) in metakinesis, so that 
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in the monaster stage of the second division there are six univalent chromosomes, the 
constrictions of which represent the reappearance of the longitudinal split (Fig. 26) ; 
there are also in the same equatorial plate two non-constricted bodies of different volumes 
which are not joined together. These are the chromatin nucleoli, which are regularly 
halved in the first. maturation metakinesis—that is, they are the halves of univalent ones. 
Thus the bodies marked WV. 2 in Fig. 26 are the halves of those similarly marked in 
Fig. 25. 

The second maturation division is equatorial, and the spermatid receives six chro- 
mosomes, arranged in an outer circle around a single central chromatin nucleolus. 
Accordingly in this second division one chromatin nucleolus passes undivided into one 
daughter cell (spermatid), the other undivided into the other daughter cell. 

As in Euchistus variolarius, two follicles of the testis contain spermatocytes of a 
much larger size than those in the four other follicles. 


3. Podisus spinosus Dall. 


Five testes of this species were studied. 

In the spermatogonic rest stage there are two small chromatin nucleoli, of more or 
less rounded form, attached to the surface of a true nucleolus. 

In the spermatogonic monaster there are sixteen chromatin segments (PI. I, Fig. 
27), two of which probably correspond to the chromatin nucleoli of the previous rest 
stage. 

In the synapsis the fourteen chromosomes unite to form seven bivalent chromosomes. 
The two chromatin nucleoli also come together to make one bivalent one; in the growth | 
period of the spermatocytes (Fig. 28) the chromatin nucleolus lies close to the nuclear 
membrane, and to its inner surface the true nucleolus is regularly attached. 

In the first maturation monaster there are eight chromatin elements, namely, seven 
chromosomes and one chromatin nucleolus, all bivalent and dumbbell-shaped on lateral 
view ; the chromatin nucleolus has about the same volume as the smaller ones of the 
chromosomes, and so cannot be distinguished from them with certainty. 


4. Mormidea lugens Fabr. 


Five testes were studied. 

In the rest stage of the spermatogonia there are two chromatin nucleoli (Pl. I, Fig. 
80, NV. 2), which may be equal or unequal in size ; they may be attached together, which 
is apparently the general rule, or may be separated, and one or both of them may be 
apposed to the true nucleolus. 


In the spermatogonic monaster there are sixteen chromatin segments ; two of these 
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which are smaller than the others and more rounded are the chromatin nucleoli (Fig. 
Dk AVi2), 

In the synapsis the fourteen chromosomes unite to form seven bivalent ones, and the 
two chromatin nucleoli to form one bivalent chromatin nucleolus. The latter is periph- 
erally placed in the nucleus, and not attached to the true nucleolus (Fig. 32). 

In a pole view of the monaster stage of the first maturation division are found eight 
chromatin elements (Fig. 33); lateral view shows all are bivalent and dumbbell-shaped, 
seven are chromosomes, and one easily recognizable by its much smaller size in the chro- 
matin nucleolus (Fig. 33, NV. 2). 


5. Peribalus limbolaris Stal. 

Two testes of this species were studied. 

In the rest stage (PI. I, Fig. 34) and prophases of the spermatogonia are found two 
chromatin nucleoli of unequal size (V. 2), and sometimes apparently three; they are 
generally not in mutual contact, though they are often apposed to the true nucleoli, of 
which there are frequently two or three. 

In the spermatogonic monaster (Fig. 35) are sixteen chromatin segments, of which 
the two smallest, rounded ones are the chromatin nucleoli; the fourteen chromosomes are 
notably elongated. 

In the synapsis the fourteen chromosomes unite to form seven bivalent ones, and the 
two chromatin nucleoli to form one bivalent chromatin nucleolus; in the rest stage of the 
spermatocytes (Fig. 36) the chromatin nucleolus (ZV. 2) is usually rounded and peripher- 
ally placed, and generally unattached to the relatively very large true nucleolus (some- 
times there are two true nucleoli, as in Fig. 36, rarely three). In the rest stage of the 
spermatocytes there is a smaller chromatin nucleolus in addition to the larger one already 
described, and this smaller may correspond to the third of the chromatin nucleoli found 
sometimes in the rest stage of the spermatogonia. 

In the monaster stage of the first maturation division there are eight chromatin seg- 
ments (Fig. 37), namely, seven bivalent, dumbbell-shaped chromosomes and one much 
smaller bivalent, dumbbell-shaped chromatin nucleolus. 


6. Cosmopepla carnifex Fabr. 


Five testes of this species were studied. 

In the monaster stage of the spermatogonia (Pl. I, Fig. 38) are found eighteen 
_ chromatin segments; two of these are smaller than the others, and so by analogy with 
other species of this family probably represent chrontatin nucleoli (NV. 2, Fig. 38); the 
sixteen other segments are then true chromosomes. 
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In the synapsis stage of the growth period the sixteen chromosomes unite to form 
eight bivalent chromosomes, and the two chromatin nucleoli to form one bivalent chro- 
matin nucleolus. The latter is, in the rest stage of the spermatocytes, rounded and 
peripheral in position, and is not attached to the larger true nucleolus (Fig. 89); both 
the nucleolus and the chromatin nucleolus may contain a large, clear vacuole, which in 
the former is excentric. 

Pole views of the monaster stage of the first maturation division show nine chroma- 
tin elements (Fig. 41), and lateral views (Fig. 40) of the same stage show that all are 
bivalent and dumbbell-shaped. The smallest of these elements is the chromatin nucleolus 
(LV. 2). 

Nezara hilaris Say 

Five testes of this form were studied. 

There are in the rest stage and early prophases of the spermatogonia two chromatin 
nucleoli, which are comparatively large and usually more or less unequal in size (PI. I, 
Figs. 42, 43, VW. 2). They are generally peripheral in position and in mutual contact, 
but usually are not apposed to the true nucleolus (1). 

In the spermatogonic monaster there are sixteen chromatin segments (Fig. 44), of 
which two can be always recognized by their small size and rounded form as the chroma- 
tin nucleoli; the fourteen chromosomes are generally elongated. 

In the synapsis the two chromatin nucleoli unite to form one bivalent one, and 
apparently also the fourteen chromosomes join to make seven bivalent chromosomes, but 
I cannot state this with certainty. In the telophase of the spermatocytes (Fig. 45), the 
chromatin nucleolus (1. 2) is peripherally placed and clearly bivalent, and usually not 
in connection with the very large true nucleolus (1), which is also peripheral. 

In the testes examined (all from individuals secured in the month of September) 
were stages only from the resting spermatogonia to the telophase of the spermatocytes ; 
all later stages in the spermatogenesis were absent, so that the number of the chromosomes 
in the maturation divisions could not be determined. 

The longitudinal split in the chromosomes during the growth period is unusually 
distinct in this species. 

8. Brochymena sp. 


Three testes of this species were studied. 


In the rest stage of the spermatogonia (Pl. I, Fig. 46) are two small chromatin 
nucleoli (1. 2), which are peripheral in position, of nearly equal size, generally mutually 
apposed, and seldom attached to the true nucleolus. 

In the spermatogonic monaster stage (Pl. I, Fig. 47) are sixteen chromatin segments, 
of which two are smaller and rounded and are the chromatin nucleoli. 
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In the synapsis stage the fourteen chromosomes unite to form seven bivalent ones, 
and the two chromatin nucleoli to form one bivalent chromatin nucleolus. The latter in 
the stages following the synapsis is rounded and peripheral in position (WV. 2, Fig. 48, 
_ Pl. IT), and only occasionally attached to the true nucleolus (V). 

Pole views of the first maturation monaster (PI. II, Fig. 49) show eight chromatin 
segments, of which one easily distinguishable from the others by its smaller size is the 
chromatin nucleolus (V. 2). Lateral views of this stage show that all eight of these 
elements are bivalent and dumbbell-shaped. 


9. Perillus confluens H.-S. 


Two testes of this species were examined. 

The rest stage of the spermatogonia (Pl. II, Fig. 50) shows two small, rounded 
chromatin nucleoli of unequal size, which are always attached together, and may be 
either close to the nuclear membrane or apposed to the surface of a true nucleolus (J). 

In the monaster stage of the spermatogonie divisions are sixteen chromatin segments 
(Fig. 51). The fourteen largest are chromosomes, the two smallest are chromatin 
nucleoli (V. 2); the latter are more minute than in the corresponding stage of any other 
Pentatomid examined by me, and on account of their small size cannot always be seen 
(2. e., in cases where they are closely apposed to the chromosomes). 

In the synapsis stage the fourteen chromosomes unite to form seven bivalent ones 
and the two chromatin nucleoli to make one bivalent chromatin nucleolus. The latter is 
dumbbell-shaped in_the earlier stages of the growth period, but in the rest stage (WV. 2, 
Fig. 52) becomes oval in outline, and it is then attached to the surface of the larger true 
nucleolus (JV. 2), the two occupying a more or less central position within the nucleus. 

Pole views of the monaster stage of the first maturation division show eight chromatin 
segments of varying diameter (Fig. 53); one of these, probably the smallest, is the 
chromatin nucleolus ; lateral views show that all these elements are bivalent and dumb- 
bell-shaped. 


10. Ceenus delius Say 


Three testes of this species were studied. 

In the rest stage of the spermatogonia there are two chromatin nucleoli with irreg- 
ular outlines (Pl. II, Fig. 54, WV. 2), and they are situated usually close together. 

In the spermatogonic monaster stage (Fig. 55) there are fourteen chromatin seg- 
ments, the two smallest of which are probably the chromatin nucleoli (NV. 2), leaving 
twelve chromosomes. 

In the synapsis stage the twelve chromosomes unite to form six bivalent ones. ‘The 
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two chromatin nucleoli found in the spermatogonia also unite to form one bivalent 
chromatin nucleolus; this is clearly bilobed in the earlier stages, but more rounded in the 
later stages of the growth period of the spermatocytes (the larger of the bodies designated 
N. 2 in Figs. 57, 58, 63); there is attached to it usually a small true nucleolus (Fig. 58). . 
Besides this large bivalent chromatin nucleolus there is also found in the spermatocytes, 
most clearly seen in the rest stage, another much smaller one, of rounded form (the 
smaller of the bodies marked WN. 2 in Figs. 57, 58, 63) ; this is almost always apposed to 
one of the true nucleoli (V), of which there are generally two large ones besides the - 
small one attached to the large chromatin nucleolus; quite frequently the small chro- 
matin nucleolus lies between the large one and a large true nucleolus (Fig. 63).. This 
small chromatin nucleolus is difficult to see in the synapsis stage, when the chromosomes 
stain deeply, and since I was also unable to find it in the monaster stage of the sperma- 
togonia, I could not determine whether it is bivalent or univalent or what its earlier 
history is. It might well be present, however, in the spermatogonia, but be there so 
minute as to escape detection. 

Pole views of the monaster stage of the first maturation division show sometimes only 
seven chromatin segments (Fig. 62), and then these are six bivalent chromosomes and 
the large bivalent chromatin nucleolus; or they show eight segments (Figs. 59, 60), of 
which the smallest is the small chromatin nucleolus of the growth period. That is to 
say, in the equatorial plate there are always six bivalent chromosomes and the large 
bivalent chromatin nucleolus, while the small chromatin nucleolus may be present or may 
be absent. The lateral view of this stage given here (Fig. 61) shows seven large dumb- 
bell-shaped elements, ot which six are chromosomes and one the bivalent chromatin 
nucleolus—though which one it would be hard to say, for all of these elements are of 
approximately equal size and similar form; while the smallest, eighth, element marked 
NV. 2 in this figure is the small chromatin nucleolus. When the latter persists into this 


stage it appears to be halved in the following metakinesis. 


IL. Trichopepla semivittata Say 


Four testes of this species were studied. 

In the nucleus of the resting spermatogonium are seen clearly two rounded chro- 
matin nucleoli (WV. 2, Fig. 64, Pl. IL), of different volumes, one or both frequently 
apposed to a larger true nucleolus (1). 

In the monaster stage of the spermatogonia are found sixteen chromatin segments, 
of which fourteen are elongate chromosomes, and two which are smaller and rounded are 


the chromatin nucleoli (¥. 2, Fig. 65), which here, as in the preceding rest stage, are 
unequal in size. 
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In the following synapsis stage the fourteen chromosomes join to form seven bivalent 
ones. The two chromatin nucleoli likewise unite to form one bivalent one, of which the 
two components are unequal in size (Fig. 66, V. 2). In the telophase and rest stage of 
the spermatocytes the chromatin nucleolus loses its earlier bipartite form and becomes 
rounded (the larger of the bodies marked WV. 2 in Fig. 67), and only occasionally is it 
apposed to the larger true nucleolus (V). Sometimes the two chromatin nucleoli derived 
from the spermatogonia do not unite together, but remain separated. During the growth 
period, its later stages at least, can be seen in each nucleus three or four much smaller, 
rounded bodies, which stain like the chromatin nucleoli; some of them are often attached 
to the surface of the true nucleolus (Fig. 67, the three smaller bodies designated WV. 2). 
There are certainly three of them and in some nuclei apparently four. I was unable to 

- determine with certainty these small chromatin nucleoli in the rest and division stages of 
the spermatogonia, though they might well be present there, but escape observation on 

: account of their minuteness. 
es _ The monaster stage of the first maturation division (Figs. 68, 69) shows eight larger, 
isa bivalent, dumbbell-shaped chromatin segments, of which seven are chromosomes and one 
the large chromatin nucleolus (W. 2 of the figures). Of the seven chromosomes one is 
always longer and more voluminous than the others (Figs. 68, 69), and is probably the 


7 i Tr eed 


derivative of the two largest chromosomes found in the spermatogonic divisions (Fig. 65). 
Besides these eight large elements of the monaster stage of the reduction division there 
may be seen on pole view usually one (Fig. 68), sometimes two much smaller granules, 
which evidently represent the small chromatin nucleoli found in the growth period. is 


: | Se: SCUTELLARIID We | a 
12. ee alternatus Say — 


Three testes of this form were studied from MRT ae taken in July and August. 
Each testis was filled with spermatocytes and spermatids, but contained no spermatogonia. | 
In the spermatocyte in the rest stage one bilobed and hence probably bivalent ir’ 
| chromatin nucleolus feye2, lis. 70, Pl. 11), which is peripheral in position and separated 
fror Il y sm ler a OS bs pe es the tee es of this 


168 ‘ MONTGOMERY—A STUDY OF THE CHROMOSOMES 


COREID &. 


13. Anasa tristis De G. 


Twenty-one testes of this species were studied. 

In regard to the chromosomal numbers my observations confirm those of Paulmier. 

In the rest stage of the spermatogonium (PI. II, Figs. 72, 73) there are two chro- 
matin nucleoli (1. 2), which are much smaller than the true nucleoli (JV) to which they 
are generally apposed. They have definite irregularly rounded or oval outlines as 
examined with Hermann’s saffranine-gentian violet stain, and are not “hazy ” or “ indefi- 
nite” as Paulmier (1899) described. Both may be attached to the same nucleolus, or they 
may be joined_to separate nucleoli. Sometimes each one may separate into two pieces (as 
is the case with one in Fig. 72). They are best seen on iron hematoxylin preparations 
so strongly destained that the chromatin reticulum does not appear. 

In the monaster stage of the spermatogonia (Fig. 74) are twenty-two chromatin seg- 
ments, namely, twenty larger chromosomes and two much smaller chromatin nucleoli 

In the synapsis stage the twenty chromosomes unite to form ten bivalent ones, and 
the two chromatin nucleoli to form one bivalent one. The latter is clearly bipartite in 
the synapsis, but later shows an oval outline (Fig. 75); it is peripheral in position, often 
contains a central clearer vacuole as in the Pentatomide, and is as a rule separated from 
the true nucleolus (1). 

In the monaster stage of the first maturation division (pole view, Fig. 76) are found 
eleyen bivalent, dumbbell-shaped chromatin segments, of which the central, smallest one 
is the chromatin nucleolus (V. 2). Iam able to confirm Paulmier’s (1899) account of 
the two maturation divisions. 


14. Anasa armigera Say 


One testis of this species was studied. 

The spermatogenesis seems to be very similar to that of the preceding species, but 
as I had no preparation stained with saffranine-gentian violet I was unable to determine 
the relations of the chromatin nucleoli in the rest stage of the spermatogonia. 

Migss7, 20 II, shows a pole view of a monaster stage of the spermatogonia, with 
twenty chromosomes and two chromatin nucleoli (WN. 2); it is very similar to the corre- 
sponding stage in Anasa tristis (Fig. 74). 

In the synapsis are formed ten bivalent chromosomes and one bivalent chromatin 
nucleolus. 


In the monaster of the first maturation division (Fig. 78) are ten bivalent chromo- 
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somes and one bivalent chromatin nucleolus; Fig. 78 is a pole view, but in it those 
elements which appear dumbbell-shaped are seen from the side. 


15. Anasa sp. 


Of this undetermined species, which was collected for me at Berryessa in California 
I examined nine testes. 

The resting spermatogonium shows two chromatin nucleoli (Pl. II, Fig. 79, . 2) 
which are comparatively large and rather loose in texture, generally irregular in outline, 
occasionally attached to the true nucleolus (V ), and more or less central in position. 

In the monaster stage of the spermatogonia (Fig. 80) are twenty-two chromatin 
segments, namely, twenty larger chromosomes and two smaller chromatin nucleoli (1. 2). 

In the synapsis the chromosomes unite to form ten bivalent ones, and the chromatin 
nucleoli to form one bivalent one. In -the rest stage of the spermatocytes (Fig. 81) the 
chromatin nucleolus (NV. 2) is seen to be somewhat elongate in form, is peripheral in 
position, and not attached to the true nucleolus (1). 

In the monaster stage of the first maturation division are eleven bivalent elements, — 
“of which the smallest is the chromatin nucleolus (WV. 2, Fig. 82); in this figure we do 
not have strictly pole views of all the chromosomes. Z : 

Fig. 83 shows four of the bivalent chromosomes on lateral view, in a Seneca 
section. of a cell in the stage of the first maturation monaster. It is given here because 
it is the clearest case I have noticed in any Hemipteron of the quadripartite nature of 
these chromosomes, for while the transverse split may generally be seen at this stage, the 
longitudinal split is generally hidden. The poles of the spindle (not in the plane of 
this section, but seen in the next one to it) are situated at the upper and lower portions of 
the figure respectively ; and it is hardly necessary to add that the first maturation division 
coincides with the plane of the transverse split, the second with the plane of the longi-. 
tudinal split. | | 
vd ad 6. Meiapodius terminalis Dall. 


_ Eleven testes were SOE of this Isso which is oy favorable on SES of the 
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In the synapsis the twenty chromosomes unite to form ten bivalent ones, and the 
two chromatin nucleoli to form one bivalent one. The latter is in later stages of the 
erowth period bilobed (¥. 2, Fig. 86), is peripheral in position and not opposed to the 
larger true nucleolus (1). 

In the monaster stage of the first maturation division are eleven chromatin segments 
(Fig. 87), of which the smallest, centrally placed one is the chromatin nucleolus (N. 2); 
all these elements are bivalent and on lateral view they all show the dumbbell-shape. 


17. Chariesterus antennator Fabr. 


Two testes of this form were examined. 

In the rest stage of the spermatogonia I could not be certain of the presence of chro- 
matin nucleoli, for my preparations were not very well stained to demonstrate them. 
There were also no spermatogonic monasters favorable enough for determining the num- 
ber of chromosomes. 

In the synapsis stage there is a bivalent chromatin nucleolus, but sometimes its com- 
ponent parts are widely separated. 

In the telophase of the spermatocytes (Pl. II, Fig. 88) the chromatin nucleolus CW. 
2) is peripheral in position, sometimes its two univalent components still separated (but 
that is not the case in Fig. 88). The true nucleolus (JV) is sometimes central, sometimes 
peripheral in position, and occasionally it is apposed to the chromatin nucleolus. 

In the monaster of the first maturation division (Fig. 89, lateral view; Fig. 90, pole 
view) are found thirteen chromatin segments, of which the smallest, centrally placed one 
is the bivalent chromatin nucleolus (WV. 2). Of the twelve chromosomes at least eleven 
would seem to be bivalent (having the characteristic dumbbell-shape) ; but in the lateral 
view here given (Fig. 89), it will be noted that the chromosome nearest the left-hand 
side does not appear dumbbell-shaped. ‘This may be a bivalent one seen obliquely, or it 
may be a univalent one; which is the case I cannot determine, since there were few 
satisfactory lateral views on the preparations and since the number of chromosomes in 
the spermatogonia could not be determined. 


18. Alydus pilosulus H. 8. 


Four testes of this species were studied. 

The chromatin nucleoli in the rest stage of the spermatogonia (NV. 2, Fig. 91, Pl. 
II) are two in number and rounded; they are very small, usually close together, and 
may be or not be attached to the true nucleolus (1). 


In the spermatogonic monaster stage (Fig. 92) are fourteen chromatin segments, two 


OF THE GERM CELLS OF METAZOA. wy 


of which, easily distinguishable from the others by their small size, are chromatin 
nucleoli (WV. 2). 

In the synapsis stage the twelve chromosomes unite to form six bivalent ones, and 
the two chromatin nucleoli to form one bivalent one. In the late stages of the growth 
period (Figs. 93, 94) the chromatin nucleolus (XV. 2) is rounded and peripheral in posi- 
tion, and usually apposed to the true nucleolus; even when they are separated the latter 
is usually peripheral (V, Fig. 94)—an unusual position for it in spermatocytes of 
Hemiptera. 

In the monaster stage of the first maturation division (Fig. 95) are seven elements, 
namely, six bivalent chromosomes and one bivalent chromatin nucleolus (the smallest of 
the seven elements, NV. 2); all these are dumbbell-shaped on lateral view, and though 
Fig. 95 is a pole view of the spindle two of its chromosomes are seen from the side. | 


19. Alydus eurinus Say 


One testis of this species was studied. 
In the rest stage of the spermatogonia I could not determine chromatin nucleoli, 
probably on account of their small size. 
_-—~—,s Numerous monaster stages of spermatogonia were examined, and all showed thirteen 


____ chromatin elements (Pl. III, Fig. 96); two of these which are readily recognizable from 

= ot the others by their minute size are chromatin nucleoli (the two small granules shown in 

fis ae. Fig. 96); the eleven large elements are chromosomes, and have mostly an elongated 
ee form. 


+ . d 
_ In the synapsis the two chromatin nucleoli unite to form one bivalent one, which in 


the telophase of the spermatocytes (NV. 2, Fig. 97) is relatively small, peripheral in posi- 
tion, and quite frequently apposed to the larger true nucleolus (V). Of the eleven uni- 
~ -yalent chromosomes derived from the spermatogonium, ten unite to form five bivalent 
‘~pairs, while one ihe a) does not unite with any of the others but remains uni- 
Bi valent. 
In the first maturation division are found seven chromatin elements (Fig. 98, pole 
a view); the smallest of these is bivalent, dumbbell-shaped, and is the chromatin nucleolus — 
a 2 Me the six ys elements are chromosomes. Go a careful study of numerous 


“a, 
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be seen on lateral view, one chromosome is always found to be of about half the size of 
the others and not dumbbell-shaped; on pole views this chromosome can be distin- 
guished by its lesser depth. 

So in Alydus eurinus there is an uneven number of chromosomes in the spermato- 
gonia, namely, eleven; the reduction in number is effected then in the synapsis by ten 
combining to form five bivalent ones, while one remains univalent and uncombined, 
because there is no mate with which it can unite. 

In the monaster of the second maturation division there are either six or seven 
chromatin elements. In Fig. 100 of this stage are shown seven, of which the smallest is 
probably the chromatin nucleolus, five are halves of the originally bivalent chromosomes 
and one probably the half of the originally univalent chromosome. 

In the spermatid we find either six (Fig. 102) or five (Fig. 101) chromatin elements 
of approximately equal volume. Now these elements are too large to be derivatives of 
the chromatin nucleolus of the spermatocyte of the first order (WV. 2, Fig. 98), so that the 
five or six elements of the spermatids would not seem to represent portions of this chro- 
matin nucleolus; very,probably the latter is so small in the spermatids or generally so 
closely applied to the surface of one of the chromosomes that it escapes observation. If 
we then eliminate the possibility of any of the elements shown in the spermatids (Figs. 
101, 102) representing chromatin nucleoli or their derivatives, then we must conclude that 
the five or six elements here are chromosomes. But why is their number sometimes five, 
in other cases six? Now we know that in all other Hemiptera in which attention has 
been given to this point that each spermatid receives one-quarter of each of the bivalent 
chromosomes present in the spermatocyte of the first order. Accordingly it would be 
probable by analogy that in Alydus ewrinus the spermatid receives one-quarter of each of 
the original five bivalent chromosomes. Then in the case of Fig. 101 all five elements 
would be such derivatives; in Fig. 102, five of the six elements. The sixth element of 
Fig. 102 is then probably the original univalent chromosomes of the first maturation 
division, which in either the first or the second maturation division could not have been 
divided, but must have passed undivided into one of the daughter cells; this would 
explain why sometimes there are only five, sometimes six chromosomes in the spermatid, 
for, as I have explained, none of the elements of Figs. 101 and 102 can be regarded as 
chromatin nucleoli. 

Of course the preceding is only an attempt at a right interpretation ; I have not been 
able to follow the univalent chromosome with precision in regard to its behavior in the 
maturation divisions. | 

20. Corizus lateralis Say 
Four testes of this species were studied. 
I could not determine whether there are chromatin nucleoli in the rest stage of the 
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spermatogonia, and none of the cases of spermatogonic monasters in my preparations were 
sufficiently favorable to allow accurate counting of the chromatin elements. 

In the growth period of the spermatocytes a comparatively small, bivalent chromatin 
nucleolus, which in the rest stage (WV. 2, Fig. 103, Pl. TIT) has a peripheral position and 
rounded form and is not apposed to the true nucleolus (V). Besides this chromatin 
nucleolus one or two much smaller, rounded ones can sometimes be seen in the nuclei of 
the resting spermatocytes, and these stain like the large one with the double stain of 
Hermann. | 

In the monaster stage of the first maturation division are always found at least seven 
chromatin elements; when there are eight the eighth is a small granule (Fig. 105, the 
smaller of the bodies marked WV. 2), and this small element, which frequently cannot be 
seen at this stage, probably represents one of the minute chromatin nucleoli of the 
growth period. Of the seven larger elements the smallest, centrally placed one is the 
bivalent chromatin nucleolus (NV. 2, Fig. 104, and the larger of the elements marked 
WV. 2 in Fig. 105); this chromatin nucleolus often has its component halves separated 
(except for a joining linin band) before the period of metakinesis (Fig. 106). The 

remaining six elements are chromosomes, and of them four are of approximately equal 


volume, while one is always much larger and one always much smaller than these four 


(pole views Figs. 104, 105, lateral view Fig. 106). The five largest chromosomes are 
clearly dumbbell-shaped on lateral view, and accordingly by analogy with the corre- 
sponding elements of other Hemiptera may be considered bivalent, even though the 
number in the spermatogonia was not determined. But the smallest chromosome puzzled 
me at first with regard to its valence, for it is not more than half the volume of the other 


five, and sometimes it does not appear dumbbell-shaped, so that I considered the possi- 


bility of its being univalent; but a careful study of it in numerous cells of the first 


maturation division resulted in showing in a number of clear cases that it is transversely 
constricted even before it becomes arranged in the plane of the equator, so that there can 


hardly be a doubt as to its being bivalent. Fig. 106 shows such a case in an oblique 
lateral view of the spindle before the chromosomes have become arranged all in one 


plane, with a well-marked constriction of the smallest chromosome. 


_ The first maturation division is a reduction division and chikahs halves thie six chro- 
_ mosomes and the bivalent chromatin nucleolus. 
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In the monaster stage of the spermatogonic divisions can always be counted thirteen 
chromatin segments on favorable pole views—. e., in such cases where these elements 
can be seen all in one plane, and where they are not too closely apposed to one another 
(Figs. 108-110). Two of these elements are always distinguishable from the others by 
their smaller size and rounded shape, and these are the chromatin nucleoli (1. 2); they 
may lie close together (Fig. 110), but more usually are more separated in position (Figs. 
108, 109). The remaining eleven elements, which are of large size and elongate form, 
are chromosomes. There can be no doubt that this is the actual number of these chro- 
mosomes, for no exceptions to it were found, and in fourteen clear cases from four different 
testes the number eleven was obtained with great clearness ; these chromosomes are larger 
than the spermatogonic chromosomes of any other Hemipteron examined. Sometimes 
one or more of the chromosomes may show a slight transverse constriction, but this is not 
a constant appearance. 

In the synapsis the two chromatin nucleoli derived from the spermatogonium unite 
to form one bivalent one; in the rest stage (which is very complete) of the spermatocyte 
it is elongate (VV. 2, Fig. 111), peripheral in position and not attached to the true 
nucleolus ; the latter is larger (NV, Fig. 111), frequently peripheral in position, and 
sometimes two true nucleoli are present. 

During the synapsis stage ten of the eleven chromosomes join to form five bivalent 
chromosomes, while the eleyenth remains univalent, as will become evident from the 
following description : 

In the first maturation division are found either seven chromatin elements or eight 
chromatin elements; these two conditions may be described successively. 

When there are seven elements (Fig. 112 pole view of the monaster stage, Fig. 113 
lateral view) one may always be distinguished by its smaller size and central position, 
and by its history from the rest stage of the spermatocyte to the stage under discussion 
this is found to be the chromatin nucleolus (1. 2); this we have already learned to be. 
bivalent, and in Fig. 113 its univalent components are seen to be separating. The six 
larger elements are chromosomes. Five of these, as Fig. 113 shows, are clearly dumbbell- 
shaped and bivalent. The sixth, however (x), never shows a dumbbell shape before the 
metakinesis, but is always distinguishable from the others by its oval form. From these 
appearances we must conclude that this sixth chromosome is univalent—represents the 
odd, eleventh, chromosome of the spermatogonic monaster stage, which had no mate with 
which to unite during the following synapsis stage. It was in this species that I first 
found spermatogonia with an uneven number of chromosomes, so that I first concluded 
they must be abnormal cases, for heretofore in all objects the spermatogonic (normal) 
number has been described as an eyen one; I immediately sectioned testes of other 
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individuals to determine this point, but, as has been already stated, in the four of the 
thirteen testes which contained spermatogonic divisions exactly eleyen chromosomes 
were found to be always present. Obviously all of the eleven chromosomes cannot unite 
into pairs during the synapsis, one must remain unmated, and this must be necessarily 
that one of the first maturation division which does not appear bipartite. 

Now in those cases where there are eight chromatin elements present in the sperma- 
tocytes the question becomes more complicated (Figs. 114-116). Here, as in the cases 
where there are seven elements, one is central in position and distinguishable from the 
others by its smaller volume, namely, the bivalent chromatin nucleolus (Y. 2, Figs. 
114-116, in the last figure its univalent components separated); the remaining seven 
elements are then chromosomes. As the lateral view, Fig. 116, of the spindle shows, four 
of these are bivalent (the ones not marked by lettering). One (x) is oval in form, show- 
ing no constriction or splitting, and so is probably comparable to the univalent chromo- 
some of those cells which contain but seven chromatin elements (7. ¢., to 7 in Fig. 115.) 
There then remain the two elements marked a in Fig. 116, and each of these I conclude 
must be a univalent chromosome, which in cases where there are only seven chromatin 
elements in the spindle would have combined with the other to form one bivalent chromo- 
some; if this be so, then the transverse constriction of the left-hand chromosome marked 
a in Fig. 116 would not be the line of separation between two univalent chromosomes. 
Another reason for looking upon these two chromosomes as univalent, is because they are 
of approximately the same volume as the chromosome marked 2, which we have shown 
to be univalent by comparison with the chromosome z of Fig. 118. But there is a still 
better reason for considering the elements a of Fig. 116 to be univalent chromosomes. 
A pole view of a corresponding stage with eight chromatin elements shows the seven 
chromosomes frequently equidistant from one another (asin Fig. 115). But.often we find 
on pole view two of the seven chromosomes close together and connected by a band of 
linin (a, Fig. 114); the two together constitute a virtual bivalent chromosome, which, 
however, differs from the other bivalent ones in having its long axis parallel to the plane 
of the equator of the spindle. Let the band of linin which connects these chromosomes 
a become stretched out, and as a result we would have a bivalent chromosome lying 
parallel to the plane of the equator, and with its univalent halves widely separated—~. e., 
the condition that maintains for the chromosomes a of Fig. 116. 

To summarize, we find two conditions in the spermatocytes: (1) there are seven 
chromatin elements, namely, one bivalent chromatin nucleolus, five bivalent chromo- 
somes, and one univalent chromosome; and (2) eight chromatin elements, namely, one 
bivalent chromatin nucleolus, four bivalent chromosomes, one univalent chromosome 
(corresponding to that of condition 1), and two other univalent chromosomes (which 
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together would correspond to the fifth bivalent chromosome of condition 1). To deter- 
mine which of these conditions is the more usual, I counted the number of chromatin 
elements seen on pole views of the monaster stage of the first maturation division. These 
counts were made on spermatocytes from five different testes, and may be condensed into 
the following table: 


| 
PREPARATION NO. | EIGHT ELEMENTS. SEVEN ELEMENTS. 
a4 : bebe 

86 4 33 
238 6 12 
408 2 1 
410 | i 9 
356 | 0 93 

Totels ce | 18 78 


Thus those spermatocytes with seven chromatin elements would seem to be the more 
freyuent condition. In both cases there is one univalent chromosome, which represents 
the odd chromosome of the spermatogonia; but why in cells of the second condition two 
chromosomes should remain separated instead of combining to form a bivalent one, as they 
do in the first condition, I cannot explain, unless perhaps the presence of the odd uni- 
valent chromosome may in some way disturb the union into pairs of the ten other chro- 
mosomes during the synapsis. 

In those cases where there are seyen chromatin elements in the equator of the first 
maturation spindle, the metakinesis results in the division of all the elements; this is a 
reduction (transverse) division of the bivalent chromatin nucleolus and of the five bival- 
ent chromosomes, but in what plane the univalent chromosome divides could not be de- 
termined. Only one case was seen where the univalent chromosome was left undivided 
in the equator after the daughter elements of the six other elements had reached opposite 
poles of the spindle. Thus it would seem that in this division, in the cases where there 
are seven elements present, all the elements become divided ; how it is in the cases where 
there are eight elements could not be determined. In the spermatid are found either six 
chromosomes (Fig. 117) and one chromatin nucleolus (V. 2), or five chromosomes and 
one chromatin nucleolus. This would show that the chromatin nucleolus and five chro- 
mosomes (the derivatives of the original five bivalent ones) divide in the second matura- 
tion division, but that the sixth chromosome, the derivative of the originally univalent 
one, does not divide but passes undivided into one of the two spermatids. Thus the 
valence of the seven elements in these generations would be: jist spermatocyte, one 
bivalent chromatin nucleolus, five bivalent chromosomes, one univalent chromosome ; 
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second spermatocyte, one univalent chromatin nucleolus, five univalent chromosomes, one 
semivalent chromosome; spermatid, one semivalent chromatin nucleolus and either five 
or six semivalent chromosomes. 


22. Protenor belfrager Hagl. 


Five testes of this exceedingly interesting species were studied from individuals that 
had just completed their last ekdysis. 

In the rest stage of the spermatogonia (Pl. III, Fig. 118) are two rounded chroma- 
tin nucleoli which are usually attached to the surface of a much larger true nucleolus (1). 

Pole views of the monaster stage of the spermatogonic mitosis show with great dis- 
tinctness exactly thirteen chromatin elements (Figs. 119-125). This number was found 
in thirteen cells of one testis, in about sixteen cells of a second, in six cells of a third, 
and in two cells of a fourth—these being all the favorable cases found, and all these 
testes had been fixed with Flemming’s fluid (the stronger mixture). ‘The fifth testis 
sectioned had been fixed in picro-acetic acid, and in it the number of chromosomes could 
not be counted because of the swelling action which this reagent exerts upon the chroma- 
tin. ‘These chromosomes are unusually large and on suitable preparations can be counted 
with exactness. In only two of the cells in which they were counted was there observed a 
fourteenth element; this was a minute granule (¢, Fig, 121), which, on account of its 
being present so rarely in these monaster stages and on account of there being no 
element to represent it in the later history of the spermatogenesis, need not be taken into 
account ; it seems to be very inconstant, and might possibly represent either a portion of 
chromatin which had become separated from one of the chromosomes, or a chromatin 
nucleolus transmitted from some distant parent and now nearly reaching disappearance. 

Which two of the elements in the spermatogonic monaster represent the chromatin. 
nucleoli of the previous rest stage Iam unable to determine, but that two of them do 
represent these bodies there can be no doubt from what has been determined for the suc- 
ceeding stages; judging by analogy with the case in all other Coreide examined, they 
would probably be the two smallest elements. Now Figs. 119-123 show what is to be 
seen very distinctly in all cases, namely, that there are three chromatin elements much 
larger than the ten remaining. One of these three, that designated # in Figs, 119-123, 
imposes by its relatively very large volume; this has in most cases the form shown in 
Figs. 120 and 121, but in a few cases it was noticeably elongated, as in Figs. 122 and 
123. The last figure shows it to have a transverse constriction around the middle; and 
this case, together with the fact of its great volume, would show it to be equal potentially 
to at last two chromosomes; for purposes of description we shall call this the “ chromo- 
some x.” The two other chromosomes, which can always be recognized by their relatively 
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large volume, are those designated by the letter & in Figs. 119-123 ; these two are of 
approximately equal volume, and each has about half the volume of the chromosome 2. 

There are accordingly present in the spermatogonic monaster thirteen chromatin 
elements, of which two (probably the smallest) represent the chromatin nucleoli; of the 
eleven chromosomes, three are much larger than the others, namely, the one marked 
and the two marked & in the Figs. 119-123. In the metakinesis all these elements are 
halved longitudinally. 

In the following synapsis stage we find a small chromatin nucleolus composed of two 
parts, which in every way is comparable to the bivalent chromatin nucleolus of the growth 
period of other Coreidw ; this is marked WV. 2 in Figs. 124, 129, 180. This chromatin 
nucleolus is peripheral in position, and only occasionally has a true nucleolus apposed to 
it (Fig. 130). Generally its two univalent halves are not closely apposed but more or 
less separated, often widely separated (NV. 2, Fig. 131), but the two always come close 
together to form a dumbbell-shaped, bivalent body before the monaster stage of the first 
maturation division. Certainly its two components must represent the two univalent 
chromatin nucleoli of the rest stage of the spermatogonia (WV. 2, Fig. 118). 

During the synapsis stage also ten out of the eleven chromosomes derived from the 
spermatogonium combine to form five bivalent chromosomes, as will be shown in treating 
of the maturation divisions. The odd one of the eleven chromosomes does not combine 
with any other during the synapsis stage, and this is the largest of the chromosomes of 
the spermatogonium, namely, the chromosome x. This element has a remarkable history 
in the growth period. Through the whole growth period it acts like a chromatin nucle- 
olus in preserving a compact form and in continuing to take the saffranine stain with the 
use of the double stain of Hermann, while the other chromosomes take the violet stain. 
It will be remembered that this chromosome « becomes distinguishable first in the sperma- 
togonic mitoses (Figs. 119-123), while in the preceding spermatogonic rest stage it 
cannot be distinguished, for then it takes the violet stain like the other chromosomes and 
takes part in the formation of the nuclear riticulum just as they do; accordingly it can 
be concluded that it commences to behave differently from the other chromosomes at the 
beginning of the growth period of the spermatocyte. In the early synapsis (Fig. 124) 
it has the same general shape as in the spermatogonic monaster stage (compare the ele- 
ment marked « in Fig. 124 with the corresponding one in Figs. 120, 121), but it has 
greatly increased in volume, as a comparison of these figures show, since it will be recalled 
that the chromosome « of the spermatceytes is a half of the chromosome a of the sperma- 
togonia. Later in the growth period the chromosome a elongates into the form of a bent 
rod (Figs. 125-130), which usually lies close to the nuclear membrane (in this point 
also resembling a chromatin nucleolus); throughout the growth period it keeps its com- 


OF THE GERM CELLS OF METAZOA. 179 


pact structure and smooth outline. When it is beginning to elongate a faintly-marked 
clear line can be seen in its long axis (Figs. 125, 129), and this is evidently a longitudi- 
nal split, comparable to that of the bivalent chromosomes; this split cannot be seen in 
the telophase nor at any period of the maturation divisions. About coincidently 
appears a transverse split; this may be a simple annular constriction, or a clear con- 
necting bridge of linin (as in Fig. 128). This transverse constriction, pointing to a 
bipartite nature, would show that the chromosome 2 is bivalent; but it must have been 
already bivalent in the spermatogonia (where also a transverse constriction can some- 
times be seen, Fig. 123), for it does not unite with any other chromosome in the sperma- 
tocytes. I can find no other explanation for its occasional bipartite appearance during 
the synapsis. 

In the later period of the synapsis stage, in the telophase, and in the early prophases 
of the first maturation division the chromosome « undergoes considerable changes in form. 
: The slightly bent rod (Figs. 125, 129) of the early synapsis bends at its middle point, 
where the transverse constriction was apparent, into the form of a U or V (Figs. 126, 


oF 127, 130), or even the form of an S (Fig. 1274). The end result of these bendings seems 
e always to be a horseshoe-shape (Fig. 130) or a nearly closed ring (Fig. 127c). From the 
; vi early synapsis stage until the beginning of the prophases of the first maturation mitosis 
. by a true nucleolus of varying form is attached to the surface of the chromosome «a (X, 
— “ Figs. 124, 125, 127-130); occasionally this true nucleolus may be separated into two or 


P three parts, all of them attached to the chromosome. In the prophases of the first 
maturation division the nucleolus becomes detached from the chromosome, rapidly 
decreases in size, and becomes lost before the nuclear membrane disappears. 

In the early prophases of the first maturation division (Figs. 181, 132) are found 
the following elements: (1) five bivalent chromosomes, of which all five are shown in 
Fig. 132, only four in Fig. 131 (all these seen on lateral view); all these show at this — 

stage a well-marked longitudinal split (often of circular or oval outline) and a trans- 

_yerse split (which marks the point of union of two univalent chromosomes); the mode 
of formation of these elements is very similar to that described by Paulmier (1899) for 
— Anasa. (2) The bivalent chromatin nucleolus, the two parts of which may be in close 

~ contact aoe Bs Fig. 132) or may still be widely separated (WV. 2, Fig. 131). And (3) 

aaieae ) the nee of all the OEE aa now ee gocraned some- a) 
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In the later prophases (Figs. 133, 134) the five bivalent chromosomes condense into 
the form of dumbbells or sometimes of rings, the large chromosome K. 2 (Fig. 1338) 
passing through these stages more slowly than the others, so that it often retains loose 
texture and roughened outlines after the four others have become compact with smooth 
outlines. ‘The bivalent chromatin nucleolus now has its univalent components generally 
in rather close apposition (WV. 2, Figs. 183, 184). The chromosome # is very compact 
in structure, and when seen from the side has squarish form (#, Fig. 183), an indentation 
at one end of which marks the point of apposition of the ends of the primitive horse- 
shoe form—which latter in some cases (Fig. 134) may still be seen at this late stage. 
Usually the chromosome « is longer than broad, and the clear line sometimes found in its 
long axis does not then represent the primitive longitudinal’ split, of which there seems 
no trace at this stage, but the space separating the two arms of the horseshoe. 

In the monaster stage of the first maturation mitosis (Figs. 185-137) there are 
accordingly seven elements (in the cell from which Fig. 136 was drawn, one of the 
bivalent chromosomes lay out of the plane of the section). These are the bivalent 
chromatin nucleolus (JY. 2), the smallest of all; the chromosome a (a), the largest of 
all; and five bivalent chromosomes, of which one is almost always recognizable by its 
greater volume (X. 2), and this is the bivalent chromosome formed by the synapsis of 
the two larger chromosomes A’ of the spermatogonia. The five bivalent chromosomes’ 
and the chromatin nucleolus become divided transversely in the metakinesis (reduction 
division). The chromosome « (for successive stages in its division, Figs. 136, 138), 
which has its long axis coinciding with the plane of the equator, becomes divided into two 
along its median axis. ‘This would appear at first sight to be a longitudinal (equational) 
division; but it is not, for we have learned that this peculiar chromosome had first the 
form of a straight rod, which then bent at its middle point into a U or V, then the arms 
of the U or V laid themselves parallel to and close together, so that a division along the 
median axis results now in the separation of these arms, and is accordingly a reduction 
division. 

A yiew of the second spermatocyte, before its chromatin elements have definitely 
arranged themselves in the plane of the equator of the spindle, shows also seven elements 
(Fig. 139): one univalent chromatin nucleolus (V. 2); one chromosome larger than the 
others, a half of the original chromosome « (a +); and five univalent chromosomes, one 
(A’) larger than the others and directly comparable to one of the large chromosomes K of 
the spermatogonia. In the metakinesis following (Fig. 140) the five univalent chromo- 
somes are divided equationally, and the univalent chromatin nucleolus (NV. 2) is also 
divided (but in what plane was not determined). The chromosome « $, however, never 
becomes divided in this mitosis, but passes undivided into one of the daughter cells (Fig. 
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140); and in the dyaster stage of the second maturation division (Fig. 141) we see in 
each daughter cell (spermatid) the chromosomes densely apposed, forming together a 
rounded, irregular mass, and in only one of the two daughter cells the chromosome « °. 

The reduction of the number of chromatin elements in Protenor belfragei is accord- 
ingly as follows: Spermatogoniwm, two univalent chromatin nucleoli, ten univalent 
chromosomes, one chromosome 2; first spermatocyte, one bivalent chromatin nucleolus, 
five bivalent chromosomes, one chromosome x; second spermatocyte, one univalent 
chromatin nucleolus, five univalent chromosomes, one-half chromosome x; spermatid, 
one semivalent chromatin. nucleolus, five semivalent chromosomes, and either present or 
absent one-half chromosome x This chromosome a is the odd one of the spermato- 
gonia; it does not unite with any other one in the synapsis stage of the spermatocyte, 
yet since it sometimes appears bipartite .in the synapsis and undergoes a transverse divi- 
sion in the first maturation mitosis, it may perhaps be looked upon as bivalent in both 
spermatogonium and spermatocyte. If this is a correct conclusion, then the uneven 
number of chromosomes in the spermatogonia would be the result of two univalent ones 
remaining there united instead of separating—this compound, bivalent one being the 
chromosome # This chromosome, as we have seen, behaves in the rest stage of the 
spermatogonia like the other chromosomes, but in the growth period of the spermatocytes 
it acts in many ways like a chromatin nucleolus. 


LYGAIDA. 
23. Cymus augustatus Stal. 


Six testes of this species were studied. 

There was no material at my service fixed. with Flemming’s or Hermann’s fluids, so 
not being able to use the triple stain of Hermann I was unable to determine the relations 
of the chromatin nucleoli in the rest stage of the spermatogonia. The preparations also 
showed no favorable cells for counting the chromosomes in this generation. 

In the synapsis stage there is a rather small, dumbbell-shaped, and so probably 
bivalent, chromatin nucleolus, which becomes spherical in the following (complete) rest 
stage of the spermatocyte. 

There were no pole views of the chromosomal plate of the first maturation division, 
but two pole views of the succeeding dyaster are here given (Pl. IV, Fig. 148, showing 
the chromosomes before taking their definite position in the spindle, while in Fig. 144 
they occupy this position and are seen from their ends); here can be counted twelve 
chromosomes and one smaller body (NV. 2, probably the chromatin nucleolus, very small 
in Fig. 144). On lateral views of the first maturation monaster (Fig. 142, which, how- 
ever, shows only nine of the elements), all the chromosomes usually appear dumbbell- 
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shaped, and so would be bivalent. Sometimes one of them appears rounded or oval 
instead of dumbbell-shaped; this may be a bivalent one seen obliquely, or it might 
possibly be a univalent one; the lack of knowledge of the spermatogonic number does 


not permit us to decide which. 


24. Ichnodemus falicus Say 

Five testes of this species were studied. 

Chromatin nucleoli were not determined in the rest stage of the spermatogonia. 
But they are very probably present there because two small rounded ones can be seen in 
the late spermatogonic prophases; whether more than two I could not determine. All 
the testes examined had been fixed with picro-acetic acid, causing such a swelling and 
consequent juxtaposition of the chromosomes that in only one case were they sufficiently 
separated to be counted (Pl. IV, Fig. 145), and here fourteen chromatin elements were 
present, Since in the first maturation spindle there are always seven bivalent chromo- 
somes, I should think that the fourteen elements of Fig. 145 are univalent chromosomes, 
and that in this monaster the chromatin nucleoli are hidden. 

In the monaster stage of the first maturation division are seen on pole views (Figs. 
147, 148) always seven larger elements, which on lateral view are found to be all dumb- 
bell-shaped, and so are probably bivalent. All these seven elements are presumably 
chromosomes corresponding to the fourteen found in the spermatogonia (Fig. 145). 
Besides these are to be seen at this stage, and also in the preceding prophases (Fig. 146), 
two or three smaller elements, which are presumably chromatin nucleoli, Generally 
three of these are found (Y. 2, Figs. 146, 147), and generally the case is as in Fig. 146, 
two larger and one smaller. The two larger being generally of approximately equal 
volume (Figs. 146, 148), it is quite probable that taken together they may represent 
one bivalent chromatin nucleolus with separated components. The smaller one some- 
times appears transversely constricted, as in Fig. 146, so this one may also be bivalent ; 
if this is the case, then there should be four univalent ones in the spermatogonia. But 
the number of them could not be determined in the spermatogonia, and in the growth 
period of the spermatocytes the stain was not favorable for showing their relations. 


25. Peltopelta abbreviata Uhl. 

Five testes of this species were studied. 

In a pole view of the spermatogonic monaster (PI. IV, Fig. 149, the only clear case 
observed) are found sixteen chromatin segments, ten of which are larger and more 
elongate than the others, while six are rounded and smaller. The two smallest (Y.2) 
are probably chromatin nucleoli, by analogy with other species of the Lygwidw. 
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In the growth period of the spermatocytes there is one clearly bivalent chromatin 
nucleolus, which is frequently apposed to the larger true nucleolus. 

In the monaster stage of the first maturation division (Fig. 150, pole view) there are 
eight elements, the smallest of which is the chromatin nucleolus (V. 2); on lateral view 
all these elements appear dumbbell-shaped and hence are bivalent (Fig. 151). Of the 
seven chromosomes of this stage, two are very small and five much larger, the two small 
ones in Fig. 151 being designated as a. 2 and 0. 2, while in the figure only three of the 
large ones are shown. Apparently the two small chromosomes of the spermatocyte cor- 
respond to the four small chromosomes of the spermatogonium; thus the bivalent 
chromosomes a. 2 and b. 2 of Fig. 151 would correspond respectively to the univalent 
chromosomes a and 6 of Fig. 149, and the five large bivalent chromosomes of the 
spermatocyte to the ten large univalent ones of the spermatogonium. It is very evident 
that in the synapsis stage one of the small univalent chromosomes derived from the 
spermatogonium never unites with one of the large, for the two univalent components of 
ee each small bivalent chromosome of the spermatocyte have approximately: the same yol- 
ume. This speaks, of course, very strongly for the maintenance of the individuality of 
the chromosomes during these generations. 


26. Gidancala dorsalis Say 


Four testes of this species were studied. 

In the rest stage of the spermatogonium are present two chroviat nucleoli of 
i. rounded form (V. 2, Fig. 152, Pl. IV); these are sometimes attached to one another, 
co sometimes to the true nucleolus (1). 

In the spermatogonic monaster there are thirteen chromatin elements present, exactly 
this number being found in all of nine clear cases. Two of these, which are rounded 
and much smaller than the others, are the chromatin nucleoli (V. 2, Figs. 153, 154) ; 
; the remaining eleven elements are relatively large, elongated chromosomes. All these 


Pee elements are halved in the metakinesis. 
ee _ In the synapsis stage t the two chromatin nucleoli Mpornine to form one sean one, 
and ¢ even up to the rest stage of the spermatocyte (Fig. 155) it remains dumbbell-shaped, _ ae 
ith a gee of linin Sn a its univalent coraponene it is attached to the ee ee | 
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transverse constriction, about the size of a univalent component of one of the bivalent 
chromosomes. This is the chromosome marked « in Fig. 157; in this figure is shown 
also the chromatin nucleolus (V. 2), but only two of the five bivalent chromosomes. 
This sixth small chromosome is univalent and unipartite, and evidently is the odd, 
eleventh, chromosome of the spermatogonium, which had no fellow to combine with 
during the synapsis. It is always recognizable on lateral views (Fig. 157) by its peculiar 
volume and form, and eyen on pole views of the chromosomal plane is recognizable by 
its lesser depth (Fig. 156, 2). 

The first maturation division halves all seven elements (Fig. 158, anaphase), being 
a transverse (reducing) division of the five bivalent chromosomes and of the chromatin 
nucleolus, but in what plane the univalent chromosome (z) divides could not be deter- 
mined on account of its nearly spherical form. Apparently also in the second matura- 
tion division all the six chromosomes become divided, since in the spermatid six chroma- 
tin elements can frequently be counted; but I am not certain that the sixth chromosome 
does become divided in this mitosis. 

The reduction in the number of chromosomes for this species is accordingly : 
Spermatogonium, two univalent chromatin nucleoli, eleven univalent chromosomes ; /irst 
spermatocyte, one bivalent chromatin nucleolus, five bivalent chromosomes, one univalent 
chromosome ; second spermatocyte, one univalent chromatin nucleolus, five univalent 


chromosomes, one semivalent chromosome. 


27. Oncopeltus fasciatus Dall. 


Eight testes of this species were studied. 

The rest stage of the spermatogonium (PI. IV, Fig. 159) shows usually one com- 
paratively large, elongate chromatin nucleolus (V. 2), which is generally peripheral in 
position; this apparently represents two joined end to end, for sometimes two separate 
ones can be seen. 

In the spermatogonic monaster there are sixteen chromatin elements (Fig. 160). 
Fourteen are chromosomes and two are chromatin nucleoli, as the relations in the sperma- 
tocyte mitoses will demonstrate. But it is difficult to determine which two are the 
chromatin nucleoli, all sixteen elements being of approximately equal size, though, 
judging by analogy with the other species of the family, they are probably the smallest 
two (V. 2, Fig. 160). 

In the synapsis the fourteen chromosomes unite to form seven bivalent ones. But 
there is never any very close union of the two chromatin nucleoli, and in the rest stage 
of the spermatocytes the following conditions are found: (1) the chromatin nucleoli 
apposed to one another and to the true nucleolus (Fig. 161); (2) apposed to one 
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another, but separated from the nucleolus (Fig. 162); (8) the chromatin nucleoli sepa- 
rate from one another, and only one in contact with the nucleolus (Figs. 163, 165); (4) 
the chromatin nucleoli separate from one another and from the nucleolus; (5) the 
chromatin nucleoli separate from one another, but both attached to the nucleolus (Fig. 
164). These conditions do not appear to be stages in position, but rather individual 
variations. Whenever the two chromatin nucleoli are mutually apposed, it is never an 
intimate apposition—. e., they never fuse to form one large rounded one such as is the 
general rule in the Pentatomide. ‘Through the rest stage of the spermatocytes each 
chromatin nucleolus remaing elongate (they appear round only when seen from the end). 
Sometimes each shows a trace of a transverse constriction, and in one case (Fig. 165) one 
of them was separated into two parts. : 
Through the prophases of the first maturation mitosis the chromatin nucleoli remain 
= separate from one another, and each is elongate in form (Fig. 166, V. 2, showing also all 
hs seven bivalent chromosomes on lateral view). 
Pole views of the monaster stage of the first maturation division show in most cases 
nine chromatin elements (Fig. 167); the seven larger ones are chromosomes, all bivalent 
-and on lateral view dumbbell-shaped (Fig. 166); the two smaller, centrally placed ones 
are the two chromatin nucleoli (WV. 2, Fig. 167). In one case, ten elements were seen on 
pole view (Fig. 168); this is very unusual, but it may probably be explained by the 
assumption that there are here two chromatin nucleoli, six bivalent chromosomes, and 

_ two univalent chromosomes formed by the precocious separation of the parts of a biva- 
lent chromosome. A lateral view of the spindle is given (Fig. 169), showing the two 
chromatin nucleoli, but only two of the seven bivalent chromosomes. 
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In the metaphase of this mitosis all seven chromosomes become transyersely divided 
(reduction division), and each of the chromatin nucleoli becomes also divided in a plane 
perpendicular to its long axis (compare Figs. 169 ‘and 170, in each of which only two of 
the seven chromosomes are shown). A pole view of one cell of the dyaster stage follow- 
ing (Fig. 171) shows the two daughter chromatin nucleoli (. 2) and the seven daughter 
_ (univalent) chromosomes (the apparent. transverse constrictions on them representing the 
reappearance of the Sey longitudinal split ; oe bar the left-hand chromosome of 
Fig. 170). 
| -. The behavior of the chromatin nucleoli is” thus different fon that of the other 

Hemi ane examined in the UES Ne a their ue size in the spermatogonic 
) ), so that | in volume from 5 : 
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bipartite in the growth period (Fig. 165); and (4) the fact that they remain separate 
from one another in the first maturation division, and that each divides transversely 
(Figs. 167, 169, 170, NV. 2). The last mentioned point deserves particular consideration, 
for a transverse division of a chromatin element in the Hemiptera always means a reduc- 
tion division—i. ¢., a separation of two whole uniyalent components of one already biva- 
lent element. From these facts we are led to the conclusion that here the chromatin nu- 
cleoli are virtually bivalent in the spermatogonia, and that since the spermatogonic division 
gives a longitudinal half of each of them to the spermatocytes, that each is already 
bivalent in the spermatocytes—a bivalence then produced before the synapsis stage of 
the growth period. This conclusion would explain all their peculiarities listed above. 
In the spermatogonium accordingly there would be virtually four chromatin nucleoh, 
twice the number found in the other species of the Lygaide (with possibly the exception 


of the not fully explained Ichnodemus falicus). 


CAPSID&. 
28. Leptopterna dolabrata Linn. 


Three testes of this species were studied. 

There were no spermatogonia on any preparations (taken from adults in the last in- 
star before copulation). 

In the rest stage of the growth period of the spermatocytes are found the following 
relations for the chromatin nucleoli: There are two chromatin nucleoli, which (1) are 
attached to one another but separate from the true nucleolus (Plate IV, Fig. 172); (2) 
they are attached together and to the true nucleolus (Fig. 173); (8) they are separated 
from one another but both attached to the true nucleolus (Fig. 175), often at opposite 
poles of the latter (Fig. 174). In almost all cases they are attached to the true nucleolus, so 
tbat Fig. 172 represents an unusual case. Each chromatin nucleolus is probably a univa- 
lent one, for it never shows a bipartite appearance and is usually rounded, so that in Figs. 
172 and 173 the two together would constitute one bivalent chromatin one; but there 
cannot be certainty on this point until the number in the spermatogonia is determined. 

Pole views of the monaster stage of the first maturation division (Fig. 176) show 
seventeen chromatin elements, one of which, centrally placed, is always much larger than 
the others. On lateral view all appear dumbbell-shaped and so are probably. biva- 
lent. Probably one of these elements represents the bivalent chromatin nucleolus de- 
scribed for the growth period, then the sixteen remaining would be chromosomes. 
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29. Calocoris rapidus Say 

Three testes of this species were studied. 

The number of chromatin nucleoli in the rest stage of the spermatogonia was not 
determined. 

In the most favorable pole view of a spermatogonic monaster were counted about 
thirty chromatin elements (Plate IV, Fig. 177), but these elements were densely grouped 
so that I could not be positive as to the exact number. Since there are in the sper- 
matocytes fourteen bivalent chromosomes, two bivalent chromatin nucleoli and one that is 
probably univalent, there would be probably in the spermatogonia twenty-eight univalent 
chromosomes and five univalent chromatin nucleoli, a total of thirty-three elements. 

In the telophase and rest stages of the spermatocytes there is a large true nucleolus, 
which is remarkable in being flattened against the nuclear membrane (JN, Figs. 178, 179); 
it appears sickle-shaped on cross section, and has irregularly lobular outlines on surface 
view. In these stages there are five small chromatin nucleoli (V. 2, Fig. 178); one of 
these is larger than the others and always spherical in form (the larger one of Figs. 178 
and 179), and since it never appears bipartite is presumably univalent; it is frequently 
attached to the true nucleolus. The four other chromatin nucleoli are arranged in two 
pairs, the two components of a pair being connected by a band of linin (Figs. 178, 180, 
only one of the pairs shown in Fig. 179). Each one of these four is very small and 
spherical, and accordingly probably univalent, and each pair would then be bivalent. 
Thus there would appear to be in the spermatocytes one larger univalent chromatin 


nucleolus and two bivalent ones, in each of the latter the univalent components being not — 
closely apposed. | 


Pole views of the monaster stage of the first maturation division show aWeaiys sixteen 
chromatin elements (Figs. 185, 186). Three of these are always distinguishable by their 


much smaller size (N. 2, Figs. 185, 186). These three probably represent the three 


chromatin nucleoli of the preceding growth period ; two of them appear dumbbell-shaped 


_ on lateral view (Fig. 181, and one of the two is shown in Fig. 184), obviously representing 


the two bivalent ones of the growth period; while the third one always appears rounded 
and never dumbbell-shaped (Fig. 181, the lowest of the elements designated NV. 2), and on | 
lateral view of the spindle lies nearer one pole of the spindle than the other (WV. ,2 Fig. 

183), this: one ed a the ae chromatin HENS a ue a cae 
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shaped) placed side by side with their long axes parallel. This quadrivalent chromosome 
shows its nature plainly on lateral view (¢, Figs. 182, 183); on pole view it may 
always be told by its greater volume (¢, Figs. 185, 186), sometimes even on pole view it 
appears slightly constricted (Fig. 186, ¢), the constriction then denoting the plane of appo- 
sition of the two bivalent chromosomes of which it is composed; it is placed in the spindle 
so that the tranverse constriction of each of its component chromosomes lies in the plane 
of the equator (Figs. 182, 183). 

There are accordingly in the first spermatocyte two bivalent chromatin nucleoli, one 
univalent chromatin nucleolus, twelve bivalent chromosomes, and one quadrivalent 
chromosome, in all sixteen chromatin elements. 

In the spindle of the second spermatocyte are found either fifteen chromatin elements 
(Fig 188) or sixteen (Fig. 187). This disparity in number is produced by the unival- 
ent chromatin nucleolus not dividing in the first maturation mitosis but passing undivided 
into one of the two daughter cells (second spermatocytes), for it will be remembered that 
in the monaster stage of the first mitosis it always lies a little outside of the plane of the 
equator, nearer one pole of the spindle than the other (Fig. 183, V. 2). ‘The rest of the 
chromatin elements of the second spermatocyte are univalent halves of those in the first 
spermatocyte (the first maturation division is a reduction division), namely, halves of the 
two bivalent chromatin nucleoli, of the twelve bivalent chromosomes, and of the one 
quadrivalent chromosome. The latter element can be recognized in the second spermato- 
cytes by its greater size (¢, Figs. 187, 188), and it here consists of two univalent chromo- 
somes placed in apposition ; in the spindle of the first maturation mitosis (Figs. 182, 183) 
it was so placed that each of its bivalent chromosomes underwent a transverse (reduction ) 
division, just as was the case with the other bivalent chromosomes. 


30. Pecilocapsus lineatus Fabr. 

Six testes of this species were studied. 

There were no spermatogonic mitoses on my preparations, and I could not determine 
the relations of the chromatin nucleoli in the rest stage of the spermatogonia. 

In the rest stage of the spermatocytes are found two chromatin nucleoli (WV. 2, Fig. 
189, Pl. [V); in one testis two additional, very minute chromatin nucleoli seemed 
to be present, but I could not find them on the other preparations. One of the chromatin 
nucleoli is very large and clearly bilobed (Fig. 189) so that it would seem to be bivalent ; 
the other is considerably smaller and apparently always rounded, so that it may be uni- 
valent. These two chromatin nucleoli are sometimes, but not usually, in mutual contact. 

Pole views of the monaster stage of the first maturation mitosis show always eighteen 
chromatin elements (Fig. 190). One of these is much smaller and one much larger than 
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the others. Probably two of the eighteen elements correspond to the two chromatin 
nucleoli of the growth period, but I cannot determine which two they are; if this is so, 
then there would be here sixteen chromosomes (all apparently bivalent judging from their 
dumbbell-shape on lateral view), and one bivalent and one univalent chromatin nucleolus. 
But there can be no surety in regard to these valences without a knowledge of the num- 
bers in the spermatogonia. 


dl. Pecilocapsus goniphorus Say 


Four testes of this species were studied. 
There were no spermatogonic mitoses on my preparations (all from adult individuals). 
In the rest stage of the spermatocytes there are present four bipartite chromatin 


- nucleoli (WV. 2, Figs. 192-195, Pl. V), in one single case there were five (Fig. 191). The 


largest of the four is composed generally of two rods placed side by side (this is shown 
in lateral view in Figs. 191, 194, in end view in Figs. 192, 193, 195); the lateral view of 
this one (the lower of the large ones of Fig. 191) sometimes shows that each of its com- 
ponent rods may be transversely constricted, which might imply that each of the rods 
is bivalent and hence that the whole is quadrivalent. In each of the three small 
bipartite chromatin nucleoli the univalent components may be closely apposed to one an- 
other (Figs. 191, 192), or may be more or less widely separated (Figs. 193-195). Of the 
four chromatin nucleoli the largest and the smallest are generally attached to opposite 
poles of the true nucleolus (W. 2, Figs. 191-194), though the relative positions vary con- 
siderably as shown by the figures; and it is the two which are generally not so attached 


which have their component parts most widely separated. 


Thus there are at least four, possibly five, bivalent chromatin nucleoli in the sperma- 
-toeytes. | 
Pole views of the monaster stage of the first maturation mitosis show then seventeen 
chromatin elements of approximately equal volume (Fig. 197), and this was the rule in 
two of the testes examined ; while in a third testis in the majority of cases there was 
present a smaller element in addition to the seventeen larger ones (¢, Fig. 196); possibly 
this small element may always be present, but frequently escape observation by being 
closely apposed to one of the larger elements. AIlI these elements appear dumbbell-shaped 
on lateral view (Fig. 198), and so are probably bivalent. 
vat aoe of these eee Seas are ep neues and Bory meey are EUEN i. 
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PHYMATIDE. 
32. Phymata sp. (P. wolffr Stal. ?). 


Nine testes of this species were studied. 

In the rest stage of the spermatogonium there are two chromatin nucleoli (WV. 2, 
Fig. 199, Pl. V), usually unequal in size; frequently one or both of them is in contact 
with the true nucleolus (1). 

In the spermatogonic monaster are seen on pole view (Fig. 200) thirty chromatin 
elements; two of these certainly represent the chromatin nucleoli, but they offer no pecu- 
liarities by which they can be distinguished from the twenty-eight small chromosomes. 

In the synapsis stage the twenty-eight chromosomes unite to form fourteen bivalent 
ones, and the two chromatin nucleoli to form one bivalent one. The latter is in the telo- 
phase and rest stage of the spermatocyte (Fig. 201) clearly transversely constricted, show- 
ing its bipartite nature, and is always apposed to the surface of ‘the larger true nucleolus 
(ie 2015 iV.) 

Pole views of the monaster stage of the first maturation division (Fig. 202) always 
show exactly fifteen chromatin elements, namely, fourteen chromosomes and one chroma- ‘ 
tin nucleolus. All these elements are found to be dumbbell-shaped on lateral view (Fig. 
203, showing eight of them), so that all are bivalent. The chromatin nucleolus cannot be 


distinguished in size from the chromosomes. 


NABIDA. 
33. Coriscus ferus Linn. 


Three testes of this species were studied. 

The relations of the chromatin nucleoli were not determined in the small nuclei of 
the spermatogonia, and the spermatogonic mitoses were not favorable for counting the 
small, rounded chromosomes. 

In the growth period of the spermatocytes there is usually one large bivalent 
chromatin nucleolus, with its component parts in close apposition (V. 2, Fig. 205, Pl. V), 
attached to the true nucleolus (V7). Sometimes its component parts (which are of equal 
volume) are separated from one another, and then both may be attached to the same true 
nucleolus (Fig. 204), or they may be apposed to separate nucleoli, or only one of them 
may be apposed to a nucleolus (of which there are generally two, sometimes three). Be- 
sides the large, bivalent chromatin nucleolus can be seen in most nuclei a much smaller 
chromatin nucleolus (Fig. 205) which stains like the larger one; it is generally close to 
the nuclear membrane, but is occasionally apposed to a true nucleolus. 

In the first. maturation division there are ten chromatin elements (Fig. 206, in which 
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five are seen on lateral view and five on pole view, all these elements not having taken 
their definite position in the equator of the spindle). All are bivalent, as is proved by 
their bipartite appearance on lateral view. One of them is smaller than the others, and 
may represent the large (bivalent) chromatin nucleolus of the growth period (WV. 2, Fig. 
206), while the nine remaining elements are probably chromosomes ; if this interpretation 
be correct then the small (univalent ?) chromatin nucleolus found in the growth period 
- would not be represented in the first maturation division. 


a REDUVIID®. 

“3 34. Acholla multispinosa De G. 

aS) . ~ 

= = Eight testes of this species were studied. 

a The relations of the minute chromatin nucleoli could not be determined in the rest 


stage of the spermatogonia. 
In the most favorable pole view of a spermatogonic monaster (Pl. V, Fig. 207) could 


be counted thirty-one chromatin elements. The twenty-four larger elements seen here are 
univalent chromosomes, the seven smallest are chromatin nucleoli (some of them: very 
minute). Of the latter there are six arranged in three pairs and one that is isolated. 
Now we shall find that in the spermatocytes there are four bivalent chromatin nucleoli 
(Figs. 208-211), so that in the spermatogonia there should be eight; and accordingly 
though only seven are to be seen in Fig. 207, we are justified in concluding that an eighth 
must be present there but hidden from view by one of the chromosomes. Thus there 
would be in the spermatogonium in all probability twenty-four chromosomes and eight 
chromatin nucleoli, in all thirty-two elements. | . 

oe In the synapsis stage of the growth period the twenty-four chromosomes unite to 
form twelve bivalent ones. The eight chromatin nucleoli likewise combine to form four 
a bivalent ones, which near the close of the growth period (Figs. 208, 209) are seen to be 
small bodies attached to the surface of the true nucleolus (V). Hach is dumbbell-shaped, 
usually 1 with its component univalent parts in close apposition, but occasionally the latter 


“4 


. ia more or less separated from one another. 
_ Pole views of the monaster eee of the first maturation hE ig 210) show six- 
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85. Sinea diadema Fabr. 


Two testes of this species were studied. 

The relations of the chromatin nucleoli in the rest stage of the spermatogonia could 
not be determined. 

There were on my preparations only a few spermatogonic monaster stages, and none 
of these were favorable for determining the number of chromosomes; the chromosomes 
are small, densely grouped, and particularly minute elements SBOE them might be 
chromatin nucleoli. 

In the rest stage of the spermatocyte are present four small chromatin nucleoli (W. 
2, Figs. 212, 213, Pl. V), all of them attached to the surface of a large true nucleolus (1). 
One is larger than the others, and appearing on lateral view to be always transversely con- 
stricted (Fig. 213) is probably bivalent; and as one of the three smaller ones is some-— 
times found to be bipartite, this too would be bivalent. The two remaining are appar- 
ently always spherical and not transyersely constricted, so that they would seem to be 
univalent. If this interpretation is correct, there would be here two bivalent chromatin 
nucleoli each with its component parts closely apposed, and one bivalent one with its 
components separated, that is three bivalent ones in all; and in the first maturation divi- 
‘sion there are three chromatin nucleoli present (Figs. 214, 215), which would corroborate 
this conclusion. But since it could not be determined how many there are in the sperma- 
togonia, the relations in the spermatocytes cannot be considered positively demonstrated. 

Pole views of the monaster stage of the first maturation division (Figs. 214, 215) 
show always three minute chromatin elements, which are chromatin nucleoli (1. 2), and i | 
apparently thirteen larger chromosomes. But a careful examination of these larger iets 
elements shows that in every case four bivalent chromosomes form together a plurivalent — < "te 
one, all four being closely apposed and with their long axes parallel to one another. ane? 
This is best seen on lateral view of the spindle (Figs. 217, 218), where the four chromo- co 
somes marked ¢ are ase found to be grouped close pete ; in es ote: Bay these : 


“vision line between them (f, Fi ig. "215), } 
Pion pole view pein PULSE € are T 
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chromosomes present, four of which are always grouped together to form a particular 
group. 

The metakinesis halves each of the fourteen bivalent chromosomes transversely 
(reduction division, Figs. 217, 218), but the four which together form the group that has 
been described divide later than the others, as can be seen from the figures given ; and it 
is at this metaphase that this group of four can be most easily recognized. Such a group 
of four closely united bivalent chromosomes has not been found by me in any other 
Hemipteron. 


36. Prionidus eristatus Linn. 


Four testes of this species were studied. 

In the rest stage of the spermatogonium there are apparently five chromatin nucleoli 
(NV. 2, Figs. 220-222, Pl. V), two of which are generally considerably larger than the 
others, and some or all of which may be attached to the true nucleolus (N, Figs. 221, 
222). But it is difficult to be sure of the exact number, for sometimes not more than 
four can be seen (Fig. 221). 

In the spermatogonic monaster on pole views (Figs. 223, 224) are seen twenty-six 
chromatin elements, three of which (V. 2) are always much smaller and (by analogy 
with the other species of the Reduwviidew) would probably represent the three small 
chromatin nucleoli of the preceding rest stage. Two of the twenty-six chromatin ele- 
ments are elongate in form and much larger than the others; these may be chromosomes 
(which would be more probable), or they might represent the large chromatin nucleoli of 
the rest stage of the spermatogonium. If there are really five chromatin nucleoli in the 
spermatogonia, then there would be these five elements and twenty-one chromosomes 
present in the spermatogonic mitosis. In five pole views I could count exactly twenty- 
six chromatin elements, in two there were either twenty-six or twenty-seven, and in one 
either twenty-four or twenty-five; but in all these cases three particularly small and 
two particularly large elements could be distinguished. 

In the rest stage of the spermatocyte (Fig. 225) are found four chromatin nucleoli 
(NV. 2) attached to the true nucleolus (VV). One of these is longer than the others and 
rod-shaped, and may represent the two larger chromatin nucleoli of the spermatogonium 
joined into one bivalent one; the three smaller ones may appear rounded or slightly 
elongate, and these may represent the three small chromatin nucleoli of the spermato- 
gonium ; occasionally two of the small ones are apposed together. 

There were no maturation mitoses on my preperations (from adults aes in the 


* 


month of September), 
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37. Milyas cinctus Fabr. 

In the single testis of this species studied (an individual of the month of September) 
there were no mitoses. 

In the rest stage of the spermatocytes (Figs. 226-228) are found one long, rod- 
shaped chromatin nucleolus and two or three smaller ones (V. 2), all apposed to the true 
nucleolus (V). The long one is certainly bivalent, since it frequently shows a transverse 
constriction (Fig. 228) or is bent at the middle point (Fig. 227); on account of the 
length of each of its component parts it might be concluded that each of them is biva- 
lent—i. ¢., that the whole element is quadrivalent—but neither of the parts appear bipar- 
tite, so that this long chromatin nucleolus would more probably be bivalent. In those 
cases where only two smaller chromatin nucleoli are present (Fig. 228), each of them is 
clearly transversely constricted (bipartite) and hence bivalent; where three are present 
we find that one is bipartite and accordingly bivalent (Fig. 227), the other two are 
spherical and hence univalent. By comparing Figs. 227 and 228 we find that the two 
spherical chromatin nucleoli of the former would together represent one of the small 
bivalent chromatin nucleoli of the latter. Thus we may conclude that there are three 
bivalent chromatin nucleoli present in these spermatocytes, though the two components 
of one of them may be separated. 


LIMNOBATID&. 
38. Limnobates lineata Say. 


Of this small species I was able to procure the testes of only one (adult) individual. 
The only stages of spermatogenesis present were spermatocytes in the growth period. 

In the large spermatocytes in the rest stage (Pl. V, Fig. 219) is found a large 
chromatin nucleolus (JV. 2), usually apposed to the true nucleolus (JV ) in such a manner 
that the chromatin nucleolus touches with one pole the nuclear membrane, with the other 
the true nucleolus. 


HYDROBATID&. 
39. Hygotrechus sp. 


Twelve testes were studied of this species (from the vicinity of Philadelphia). 

The relations of the chromatin nucleoli in the rest stage of the spermatogonia could 
not be determined, since the nuclei are very small at this stage. 

The spermatogonic monaster shows on pole view (PI. V, Fig. 229) exactly twenty 
chromatin elements, of which the eighteen largest are chromosomes and the two smallest 
(NV. 2) probably chromatin nucleoli. 


In the synapsis stage of the spermatocyte (Fig. 230) are seen two small chromatin 


‘clientes nucleolus. 
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nucleoli (NV. 2), which are not closely apposed; the true nucleolus (1) is much larger. 
In the rest stage the chromatin nucleoli are usually widely separated from one another, 
and on account of their small size are difficult to discover. In the growth period they 
do not stain bright red with the saffranine-gentian violet stain of Hermann, but deep 
violet, even on excellently stained preparations. Such a staining reaction as this I have 
not found for the chromatin nucleoli of other Hemiptera, for in all the other forms 
examined the chromatin nucleoli take the red saffranine stain intensely even while the 
chromosomes have taken the violet stain (in the rest stage). Perhaps in Hygotrechus 
the chromatin nucleoli differ chemically less from the chromosomes than in the other 
Henviptera, and undergo in the growth period changes parallel to those of the chromo- 
somes. 

Pole views of the monaster stage of the first maturation division (Fig. 231) show 
always exactly eleven chromatin elements. On account of the number in the spermato- 
gonia (twenty), I would interpret these as nine bivalent chromosomes, and two univalent 
chromatin nucleoli which are not combined into one bivalent one. This is very probable, 


‘since the two univalent chromatin nucleoli are often widely separated in the growth 
period ; and on lateral views of the monaster stage of the first maturation division, there 


are found two bodies which are spherical and not dumbbell-shaped. On no lateral view 
of this monaster stage could I see all the nine chromosomes clearly ; but in one case I saw 


eight of them, all clearly dumbbell-shaped (bipartite), so that probably all nine are 


bivalent. The first maturation division is reductional, as in the other Hemiptera. 


+ 


40. Limnotrechus marginatus Say 


Two testes of es species were studied. 
There were no spermatogonic monaster stages present, and I could not determine the 
relations of the chromatin nucleoli in the rest stage of these cells. 

In the rest stage of the spermatocyte (Pl. V, Fig. 232) is found a large true nucleo- 
lus (VV), and separated from it, usually close to the nuclear membrane, a rounded 
chromatin nucleolus (V. 2). 

Pole views of the first maturation monaster (Fig. 233) show eleven chromatin ele- 
ments ; ‘sometimes one appears much smaller than the others, and it may represent ibe 


NAUCORIDE. 
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— 41. Pelocoris femorata Pal. Beauv. 
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The chromosomes were counted in a number of pole views of the monaster stage of © 


the spermatogonia, but in most cases they were so densely grouped as to make the 
numbers obtained very uncertain. In the most favorable case (Pl. V, Fig. 234) appa- 
rently twenty chromatin elements are present, but I could not be certain of this number. 

The relations of the chromatin nucleoli in the growth period are very puzzling. 
On preparations stained with Hermann’s saffranine-gentian violet, there appear to be a 
variable number of rounded bodies of different volume which stain bright red; some- 
times they are arranged in pairs, sometimes in long chains, sometimes they show no 


regular arrangement whatsoever. One nuclear body, much larger than the others and — 


generally irregular in outline, may be a true nucleolus. If all the red-staining bodies 
are chromatin nucleoli, they would seem to be present in an unusually large number in 
this species. .A study of further material will be necessary to explain the nature and 
relations of these bodies. 


BELOSTOMATID&. 


42. Zaitha sp. 


There are two species of this genus known in the vicinity of Philadelphia where I 
collected my material, namely, Z. fluminea Say and Z. aurantiacum (Leidy), but which 
species it was that I collected I omitted at the time to determine. Ten testes were 
examined.* 

In the rest stage of the spermatogonium (Fig. 235) are present two small chromatin 
nucleoli (V. 2) apposed to a large true nucleolus (1). 

Pole views of the spermatogonic monaster stage (Figs. 236, 237) show twenty-four 
chromatin elements, of which the smallest two CV. 2) represent the chromatin nucleoli, 
and the remaining twenty-two are chromosomes. Of the chromosomes, four are always 
elongate and much larger than the others (¢, Figs. 236, 237). 


In the synapsis stage of the growth period the twenty-two chromosomes unite to = 


form eleven bivalent ones. In the rest stage of the spermatocytes there are two univa-_ 


of the true nucleolus. 
Pole views of the monaster bese of the first maturation “divi 


Bane oud much convoluted ee b: 


lent chromatin nucleoli, sometimes joined to make a bivalent. one, attached to the surface : 
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always thirteen chromatin elements. ‘Two of these are much smaller than the others 
(WV. 2), and are obviously the univalent chromatin nucleoli, which at this stage do not 
make up a bivalent one. The eleven large elements are chromosomes, and since all of 
them appear dumbbell-shaped on lateral view, they are all bivalent. Two of the eleven 
chromosomes have a markedly greater volume than the others (¢ 2, Fig. 238), and 
these correspond to the four large chromosomes of the spermatogonia (¢, Figs. 236, 237) ; 
that is to say, in the synapsis the four large chromosomes derived from the spermatogo- 
. nia unite together to form two bivalent ones, and a large one never appears to unite 
with a small one. 

The first maturation mitosis is a reduction division, and each daughter cell (second 
spermatocyte) receives eleven whole uniyalent chromosomes. 


TIT. Generat Concrustons. 


1. The process of spermatogenesis in the Hemiptera, and the individuality of the 
chromosomes. 


In the Hemiptera heteroptera we find, as generally elsewhere in the Metazoa, a 

number of generations of spermatogonia in each of which all the chromatin elements 
are halved in metakinesis (apparently in all cases equationally), the last generation pro- 
ducing spermatocytes of the first order. These spermatocytes enter upon a growth 
period of long duration, which is followed by the first maturation division, resulting 
in the formation of spermatocytes of the second order; and in the second maturation 
division the spermatocytes of the second order are divided into spermatids. There are 
; always exactly two maturation: divisions and no more. The metamorphosis of the 
_ Spermatids into the spermatozoa has not been studied by me, and has not the broad com- 
parative interest of the Vacant stages, but it has been described by Henking (1890) 
z and Paulmier (1899). — 


The growth period of the spermatocytes is of the greatest interest, for here are a 


remarkable series of changes not found in any other generation of the germ cells nor, so 
far as is. known, in any somatic een And the most important of these changes are — 
fou nds in the synapsis stage of the growth period. The synapsis stage is well-marked in- 
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found after the action of most diverse fixatives. The dense and interlacing grouping of 
the chromosomes that is so characteristic for the synapsis of Insects, Copepods, Ascaris 
and some other forms, is, however, not found in all; thus it does not appear to occur in 
Salamandra (Meves, 1896). 

Moore (1895) first gave the name “synaptic phase” to that stage in the growth 
period of Elasmobranchs when the reduction in the number of the chromosomes takes 
place. Accordingly, the criterion of the synapsis stage is first of all the combination of 
uniyalent chromosomes to form bivalent ones; whether the chromosomes are then densely 
grouped or not is of secondary importance. A special chapter of the present paper is 
given to the broader significance of this stage. 

In all the Hemiptera examined, and also in Peripatus, I have found that bivalent 
chromosomes are formed in the synapsis by a union, end to end, of every two univalent 
chromosomes. All other writers on this stage, with the exception of Brauer, have been 
unable to determine how the univalent chromosomes become united together; Brauer’s 
(1893 b) careful study of the growth period in the spermatogenesis of Ascaris rendered 
it very probable that it is a union end to end, but his figures do not prove it absolutely. 
Certain writers state that the reduction of the number in chromosomes is effected by the 
chromatin spirem segmenting into only half the normal number of chromosomes. This 
is, however, an incorrect statement, inasmuch as the reduction in number is occasioned in 
some cases (Hemiptera, Peripatus) before the “spirem” stage of the first maturation 
division, and inasmuch as in most cases, if not all, there is no continuous chromatin 
spirem found at any time during the growth period and prophases of the first maturation 
mitosis. 

Accordingly in the Hemiptera the reduction in number of the chromosomes is 
effected in the synapsis stage, a long while before the maturation divisions, by a union 
end to end of eyery two chromosomes. During the synapsis stage the chromosomes 
become split longitudinally, as was first shown by Paulmier (1898, 1899) for Anasa— 
a process that I had overlooked in my former paper (1898). Each bivalent chromosome 
is thus both transversely and longitudinally split before the maturation mitoses, the 
transverse split represented by the band of linin joining the approximated ends of the 
two uniyalent chromosomes. 

At the close of the growth period there is a well-defined rest stage in most Hemiptera, 
When chromosomal boundaries are practically indistinguishable ; but in the Coreide and 
Reduviide there appears to be no such stage, and accordingly such a stage would appear 
to have no broad significance. 

In the early prophases of the maturation divisions the chromosomes are bivalent 
but quadripartite, each one being transversely and longitudinally split; in the later pro- 
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phases, up to the monaster stage of the first mitosis, the longitudinal split generally closes 
temporarily. The definitive form of these chromosomes in all the Hemiptera examined 
is that of a dumbbell which may be either straight or bent; ring forms are more infre- 
quent, but are occasionally found in all species. In the Hemiptera, as in Peripatus, 
each ring may be conceived as a dumbbell which has become bent until its ends meet, 
and accordingly the hollow of the ring is not the longitudinal split, but a space sepa- 
rating the univalent chromosomes. That is to say, generally only one end of one 
univalent chromosome is joined to one end of the other, but in the ring form both ends 
of the one are joined with both ends of the other. In all bivalent chromosomes that 
have not the ring form a longitudinal axis can be plainly determined, and generally each 
univalent chromosome is elongated in the same line ; the constriction perpendicular to 
this long axis is a true transverse division, and is the band of linin joining the ends of 
the two univalent chromosomes. This orientation of the axes of the bivalent chromo- 
somes allows the positive determination of the manner in which the chromosomes are 
: halved in the maturation divisions. 
; In the first maturation division in all the Hemiptera examined the bivalent chromo- 
somes are transversely divided, 7. e., whole univalent chromosomes are separated ; in the 
anaphase of this division the longitudinal split of the univalent chromosomes reappears, 
and in the second maturation mitosis the univalent chromosomes are halved through the 
ante plane of this split (equation division). The valences of the chromosomes in the successive 
generations are accordingly: spermatogonium, univalent; first spermatocyte, bivalent ; 
second spermatocyte, univalent ; spermatid, semivalent. The classing of the chromosomes 
as semivalent in the spermatid may appear surprising, for they have always been consid- 
ered uniyalent ; but they must be considered semivalent with reference to the number in 
the spermatogonia in those cases, as in all the Hemiptera examined, where the second 
maturation division follows immediately upon the first without any indication of an inter- 
- mediate rest stage. | P 
‘Thus in the Hemiptera, as in Peripatus, the maturation divisions do not accomplish 
the reduction in number of the chromosomes, for this takes place long before in the 
growth period; the first maturation division separates entire univalent chromosomes on 
_ (pseudoreduction, Riickert, 1894), the second halves each univalent chromosome equation- “ie 
a © ally, and thus halves the chromatin mass. Though the chromosomes of the spermatid are 
ally semiyalent with reference to those in the spermatogonia, yet they are potentially ee eat 
increase in mass of the chromatin dauibe the purl Pp peried ee 
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divisions; and in that paper I have referred to the observations of other workers cor- 
roborative of the individuality of the chromosomes, so that they need not be reealled here. 
In such Hemiptera as the Coreide there is no true rest stage in the growth period, so that 
definite chromosomal outlines can be determined throughout the growth period. And 
even in those Hemiptera where a rest stage does occur in this period, in which the 
chromosomes become reticular and practically indistinguishable from one another, ail 
evidence renders it probable that the chromosomal individuality is retained through this 
period—~. e., that a particular univalent chromosome of the maturation mitosis represents 
a particular one of the spermatogonia. ‘This evidence is as follows: The chromatin 
nucleoli, which are only modified chromosomes, retain their compact form and so are 
readily distinguishable throughout all periods of these generations. ‘Then in those cases 
where there is an uneven number of chromosomes in the spermatogonia, and the odd one 
remains univalent in the spermatocytes, this odd one can always be distinguished in the 
maturation mitoses. Then where two of the spermatogonic chromosomes are particularly 
large, there is always found in the first maturation mitosis one particularly large bivalent 
chromosome which can only correspond to those two. Further, after a rest stage there is 
always the same number of chromosomes as were present before that rest stage. All this 
evidence speaks for a chromosome of a spermatogonium corresponding to a chromosome 
of a spermatocyte ; and if in these generations there is a maintenance of chromosomal 
individuality, there is a’ probability that there is such a maintenance through all 
generations of the germinal cycle. But this conclusion by no means implies that a 
chromosome of one generation is actually the same as a chromosome of another. For 
we know that each chromosome is halved in an equation division, and that each daughter 
chromosome so produced must increase to a volume equal to that of the mother chromo- 
some before it enters upon a second mitosis. Thus new substance must continually 
be elaborated by the chromosomes during the rest stages, and in the course of this 
elaboration the old substance of the chromosome and its physical form are correspond- 
ingly changed. There is no evidence that chromosomal substance remains unchanged 
from generation to generation, for all evidence shows that it undergoes metabolic change 
and growth in the rest stages. But nevertheless it seems very probable that a chromo- 
some of one generation is a derivative of a particular chromosome of the preceding genera- 
tion, and that the chromosomes may thus be said to maintain themselves as entities 
through successive generations. 

There are many cases where chromosomal boundaries are indistinguishable in the 
rest stages, so that in such cases it has been argued that the chromosomes show no indi- 
viduality. But these are negative examples, and positive cases that speak for the main- 
tenance of the chromosomal individuality must be considered as the decisive ones. No 
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other assumption can so well explain the maintenance of a constant number. The fact 
that the chromosomes build up new substance at one stage, and give off waste 
products at another, does not invalidate our conclusion. Those who deny the maintenance 
of chromosomal individuality, on the basis of a study of objects where the chromosomes 
do not appear to be continuous from generation to generation, are not justified in conclud- 
ing that there is never a maintenance of the individuality until they have examined the 
positive cases. And since there have been shown to be positive cases, we must conclude 
(1) either that in all normal mitoses of the germinal cycle the chromosomal individuality 
is maintained, or (2) that it is preserved in some cases but not in others. ‘The fact that 
it has been demonstrated for some cases renders it probable that is maintained in all 
cases, even though it cannot be demonstrated in all. 


DR Mike chromatin nucleol. 


The term “chromatin nucleolus” was applied by me (1898) to the remarkable 
ola chromatin element, in form like a nucleolus but in behavior and staining reactions like 


4 a chromosome, in the nuclei of spermatocytes of Huchistus (Pentatoma) ; the name was 
b. ts given in order to denote this double similarity, though I fully realized that this structure 
Beas) was in all essentials a modified chromosome. A special monograph (1899 b) was devoted 
a 1% by me to the true nucleolus (plasmosome, Ogata) of Metazoan cells; and in a lecture at 
the Woods Holl laboratory (1898b) I classified the other “nucleolar” structures as 


“karyosomes, which are merely thickened nodal points of the chromatin reticulum ; 
further, what I shall term the ‘chromatin-nucleus’ [typographical error for ‘ chromatin 
nucleolus’], which is found in certain spermatocytes; and then various structures 
which stain neither like the true nucleolus nor the chromatin, and to which such terms ; 
‘Parameleoli,’ ‘ Nebennucleoli, > and ‘Pseudonucleoli’ have been applied. It is 
one of the most: difficult eye to determine the nature and correspondence of the 
latter structures. . . . . But from the: cases studied by me, it would appear that 
a some of these structures in ee probably must be placed within the category of true > 


nucleoli, and be regarded as true nucleoli of a different chemical: nabare ne . ee eced our, Sta 


_eriterion of nucleoli probably should not be based as much iuege chemical as morpho- 
im eo facts.” e ; me | 
avis chroma atin 
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applicable to those cases where it is as large as the other chromosomes. Hence I con- 
sider that confusion in terminology would be best avoided by retaining my original term, 
“chromatin nucleolus.” 

In my first description of the spermatogenesis of Huchistus (1898 a), I stated that 
I could not find chromatin nucleoli in spermatogonia, and that one appeared for the 
first time in the spermatocyte by a metamorphosis of one of the fourteen chromosomes ; 
this was an error that I have corrected in the present paper, for in Huchistus, just as 
Paulmier (1899) correctly described for Anasa, there are two chromatin nucleoli in ae 
spermatogonium, and these unite in the spermatocyte to form-one bivalent one. And in 
all the Hemiptera examined by me the larger chromatin nucleoli of the spermatocytes 
are derivatives of chromatin nucleoli of the spermatogonia, except the remarkable 
“chromosome x” of Protenor, to which we shall return. As far as I haye been able to 
determine, the chromatin nucleoli are always halved in the mitoses of the spermatogonia. 


(a) General Characteristics. 


The chromatin nucleoli are morphologically chromosomes, undergoing division in 
mitosis like the other chromosomes, but differing from them in the rest stage by presery- 
ing a definite (usually rounded) form. There is also another difference which is of great 
use in their study: by the use of the double stain of Hermann, saffranine and gentian 
violet, the chromosomes proper stain red only in mitosis and violet in the rest stage, 
while the chromatin nucloli stain red in the rest stage also, and so can be sharply dis- 
tinguished from the chromatin of the chromosomes.* Thus the chromatin nucleoli of 
the Hemiptera seem to retain at all stages the stain characteristic for the substance of the 
chromosomes when in the height of mitosis. In the Hemiptera examined the true 
nucleoli never takes this red stain, but take the violet, so that they may in this way be ~ 
easily distinguished from the chromatin nucleoli; With iron-hematoxylin staining 
the chromatin nucleoli stain more intensely than the chromosomes in the rest stage; but 
with this stain the true nucleoli generally stain deep black like the chromatin nucleoli, 
so that it is far less satisfactory than the preceding method for differentiating these two 
structures. With the triple stain of Ehrlich-Biondi-Heidenhain, the chromatin nucleoli 

* The only exception to this staining reaction was found in the spermatocytes ot Hygotrechus, where in the-rest 
stage the chromatin nucleoli always take the violet stain. 

t However, in cells of many other Metazoa I have found that the true nucleoli show a particular electivity for 
the saffranine, so that chemical reactions are not tests for true nucleoli; nucleoli may differ chemically from one 
another, even in the same cell at the same stage, or at different stages, and no better case of this may be mentioned 
than the ovocytes of the growth period of Gryllus. In the Hemiptera the true nucleoli are generally much larger 
than the chromatin nucleoli, more or less irregular in outline, and they usually occupy a more or less central position 


in the nucleus (though I have mentioned two or three exceptions), while the chromatin nucleoli in the spermato- 
cytes are generally in contact with the nuclear membrane. 
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and chromosomes in the rest stage are green, the true nucleoli red; with Delafield’s 

hematoxylin and eosin, the chromatin nucleoli and chromosomes stain blue, the true 

nucleolus red; with both these methods the chromatin nucleoli stain more intensely 

than the chromosomes in the rest stage. | 

In the spermatogonia the chromatin nucleoli are generally small, often very minute 

and difficult to distinguish. ‘They are apparently always halved in the spermatogonic 

mitoses, though I have not been able to determine this for all species. They always 

increase in volume during the growth period of the spermatocytes ; the relative amount 

_of this increase varies in different species, but it is a number of times greater than in the 
spermatogonia. _ During this increase in mass there can be found in most cases a clear 

a vacuole in the chromatin nucleolus, so that the increase would appear to be not so much 
one of the proper substance of the chromatin nucleolus as of an intussusception of fluid 
from without ; I have not figured these vacuoles in the present paper, but showed them 
<a in a preceding one (1898a). In the prophases of the first maturation division the 
a chromatin nucleolus decreases very considerably in volume, until when the monaster 
_ stage is reached its volume may be very little greater than in the spermatogonia. It is 


= 2 possible that its increase in mass during the growth period may be due in part to a decon- 

} hid densation of its substance, but in some part at least it is due to the above-described 

nd taking in of fluid substance from without. 

Bhi ; ; In the spermatogonia they are irregular in position, sometimes close together, some- 

Reet: times separated, but usually not in contact with the nuclear membrane; in these cells 

eee they are very frequently in all species apposed to the true nucleoli.* In the growth 

be 7 cette ie the A aig they are more say in ea thus they are ida 

~~ from =the true nucleoli and then always in contact with the nuclear membrane in Y 


——— Buchistus, Mormidia, Peribalus, Cosmopepla, Nezara, Brochymena, Trichopepla, Eury- 
_ gaster, Metapodius, Anasa, Chariesterus (generally), Corizus, Harmostes, Calocoris, Hygo- 
—— trechus, Limnotrechus ; they are, as a rule, apposed to the true nucleoli in Podisus, 
——- Perillus, Canus, Alydus, Protenor, Peliopelta (not always), Gidancala, Oncopeltus (not 
always), Leptopterna, Pwcilocapsus, Phymata, Coriscus, the Reduviide, Limnobates and 
Zaitha. We shall refer again to the significance of this apposition. A chromatin tees 
- nucleolus and a true nucleolus closely attached together constitute a “double nucleolus ;” ; re 
; a remains to ‘be shown wa sos : tgs nucleoli” of certain spegaes ue Coys mee 
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they retain this position if they are of comparatively large size (as in most Pentatomide) 
but do not when they are of comparatively small size (as particularly in the Redwoude). 
Now the true nucleolus is rarely in contact with the nuclear membrane when it is not 
apposed to a chromatin nucleolus, so that when the two are mutually apposed it appears 
to depend upon their relative volumes whether they will be peripheral or central in 
position—a very large chromatin nucleolus pulling to the periphery the true nucleolus, a 
small chromatin nucleolus being pulled by the true nucleolus toward the centre of 
the nucleus. 

That the chromatin nucleoli are morphologically chromosomes is shown particularly 
in mitosis, when they simulate in form and divide like chromosomes; an examination of 
the chromatin nucleoli, designated NV. 2, in the plates of the present paper, demonstrate 
this point. The univalent chromatin nucleoli of the spermatogonia generally unite to 
form bivalent ones in the synapsis stage just as do the chromosomes, and generally the 
number of them in the spermatocytes is just half of that in the spermatogonia (certain 
exceptions shall be considered later). In the first maturation division each bivalent 
chromatin nucleolus is halved transversely (reduction division) just as are the bivalent 
chromosomes. 

Thus the chromatin nucleoli are essentially chromosomes, but chromosomes which 
preserve a compact form and dense structure throughout the rest period. 


(b) Number and Valence. 


It is most frequently the case that there are two univalent chromatin nucleoli in the 
spermatogonia, as in the Pentatomide, Hurygaster, Coreide, Peliopelta, Gidancala, Phy- 
mata, Coriscus (2), Hygotrechus, Zaitha. In these cases the two chromatin nucleoli join 
together to form one bivalent one in the growth period ; but in Huchistus tristigmus and 
Chariesterus the two frequently remain separate in the growth period, yet this is not a 
complete separation for there would seem to be a linin connection between the two, since 
they generally become more closely approximated at the time of the first maturation 
division when such a linin connection may be seen. But in some of these species (Peri- 
balus, Cenus, Trichopepla, Coriscus) besides the bivalent one are found one or two (three 
or four in Zrichopepla) much smaller ones, which appear to be univalent, in the sperma- 
tocytes ; whether these are represented in the spermatogonia or whether they arise in the 
spermatocytes for the first time, I could not determine on account of their minuteness.. 

In Cymus and Ichnodemus I could not determine the number in the spermatogonia, 
but since here there is one bivalent one in the spermatocytes, there would probably be 
two univalent ones in the spermatogonia. The same would probably be true for Corizus. 
and Leptopterna. 


The Reduviide and certain Capside show a larger number of chromatin nucleoli. 
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Thus in Acholla there are eight in the spermatogonia which form four bivalent ones in 
the,spermatocytes ; in Sinea and Milyas there are three bivalent ones in the spermato- 
eytes, and accordingly probably six in the spermatogonia ; in Prionidus there are appar- 
ently five in the spermatogonia, two of which unite in the spermatocytes to make one 
bivalent one while the three others remain univalent. In Calocoris there are in the 
spermatocytes two bivalent and one univalent ; in Pecilocapsus lineatus, one bivalent and 
one apparently univalent; in P. goniphorus certainly four, and: possibly five, bivalent 
chromatin nucleoli in the spermatocytes. In these forms one or more of the chromatin 
nucleoli may have their component parts more or less widely separated, but these sepa- 
rated components generally come together before the first maturation mitosis. 
Biyalent chromatin nucleoli which have their components in close mutual apposition. 
appear always to be transversely divided in the-first maturation division (reduction divi- 
. sion); for the sels of those which are univalent I refer to the chapter on “ Observa- 
i: tions.” 
, Oncopeltus affords the interesting case here the two chromatin nucleoli of the 
Bi, spermatogonia are apparently each bivalent—bivalent elements in a generation where all 
hh 4 the chromatin elements are usually supposed to be univalent. 


(c) The Peculiar Chromosome of Protenor. 


In Protenor—for the details compare the description in the chapter on ‘ Observa- 


tions ’—there are two chromatin nucleoli in the spermatogonia, which in the spermatocytes 

unite to form a bivalent one, as we have just seen to be quite generally the rule in Hemiptera. 

But the largest of the chromosomes of the spermatogonic mitoses, the ‘chromosome x,” 

does not behave in the growth period of the spermotocytes like the other chromosomes, ; 
but is similar to a chromatin nucleolus in preserving a compact form and in retaining the 
saffranine stain. This is the odd chromosome, the eleventh, which does not combine with 

any other during the synapsis stage, and which cannot be distinguished in the rest stage 

of the spermatogonia because there it behaves exactly like the other chromosomes, and 
: takes part in the formation of the nuclear reticulum. This is the only case in the 


_ Hemiptera where one chromosome becomes differentiated into a chromatin nucleolus for 


first time in the spermatocyte generation, unless the minute chromatin nucleoli of 


Peribalus, Conus, Trichopepla and Coriscus may be found to have a similar history. = 


_ 


(d) Function, — 


; show that the chromatin nucl 
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seem to be true to some extent, but not wholly correct for the following reasons. In a 
large number of the species examined the chromatin nucleoli are regularly closely 
apposed to the surfaces of true nucleoli. Now it seems probable that the true nucleoli are 
masses of substances formed by the metabolism of the cell, probably waste substances 
(Montgomery, 1899 b). When we find accordingly the mutual apposition of them to 
chromatin nucleoli, it would be permissible to conclude that the chromatin nucleoli are 
chromosomes which are especially concerned with nucleolar metabolism. And this I 
think would be the correct interpretation. The chromatin nucleoli are in that sense de- 
generate, that they no longer behave like the other chromosomes in the rest stages ; but 
they would appear to be specialized for a metabolic function. Thus it might be that in 
the Insects the chromatin nucleoli are those chromosomes which either exert a greater meta- 
bolic activity than the other chromosomes, or which carry out some special kind of meta- 
bolism ; and from this point of view they would certainly seem to be much more than 
degenerate organs. As to their origin, compare the chapter on the “‘ Number of Chromo- 
somes.” 

Like the chromosomes, the number of chromatin nucleoli in the germ cells appears to 
be a fixed one for the species. In somatic cells they are often more numerous than in the 
germ cells, however, but that somatic difference will not be discussed in this paper which 
concerns itself with the germinal cycle. 


(e) Occurrence, 


Chromatin nucleoli were found by me in all the Hemiptera examined, and I have 
found them also in Coleoptera (Harpalus) and Orthoptera (Gryllus, Ceutophilus). 
McClung (1899, 1900) has described them in various Orthoptera, in some forms of which 
they are larger than the chromosomes. Finally, my student, Miss Wallace (1900), has 
found them in the spermatogenesis of a spider (Agalenid). 

Accordingly they would seem to be present in the Insects and Arachnids, but are 
apparently absent in the Crustacea, and I have shown (1901) that they are not present in 
Peripatus. . 

It is, however, quite possible that they will be discovered in other forms, if proper 
attention is paid to them. The question of their ontogenetic origin will be considered 
later (compare the section on the “ Significance of the uneven number” of chromosomes). 


3. The Number of Chromosomes. 


. The following table shows the number and valence of the chromosomes and chroma- 
tin nucleoli in the Hemiptera examined, all of which has been explained in detail in the 


“ce : ° . . 
chapter on “Observations.” The abbreviation “univ.” has been employed for “ univa- 
lent,” and “ div.” for “bivalent.” 
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SPERMATOGONIA. SPERMATOCYTES. 
SPECIES. Chromosomes. eae Chromosomes, Sete tes 
No. Valence. No. Valence. No. Valence. No. Vaience. 
BKuchistus variolarius.............:: 14 univ. 2 univ. i biv. i biv. 
HiemUPIStUOWMUS wes ele lbsictsieiclaleretst re lhl 12 univ. 2 univ, 6 biv. 1 or 2, biv. or univ. 
Bodisus spin Ostss .ajc.006 adeno + 14 univ. 2 univ. 7 biv, 1 biv. 
Mormidea 1Uugems seria. meets sence 6 14 univ. 2 univ. 7 biv. 1 biv. 
Peripalus limbolaris.... ssi 6........: 14 univ, 2 univ 7 biv. i biv 
Cosmopepla carnifex.........06...65 16 univ. 2 univ. 8 biv 1 biv 
INCGze eve WATS irate, o.c whetacs (sale siule, m susue 14 univ, 2 UW fe Pe lleeecretene ears 3 A ones Bros eoe cee 
Brochy Mena 6pes se sess oareaie sn ols 14 univ, 2 univ. q biv. 1 biv 
SMUT ISICOMAWENS, ance sac mele ns oes oi 14 univ, 2 univ. 7 biv. 1 biv 
: : : 7. 1 biv. 
9 
COMUS QELUS nies wets foe usar. ss ane's 12 univ. 2 uniy. 6 biv. 2 hie 
Trichopepla semivittata............ 14 univ 2 univ a biv 4or5 sae 
MRC ie het MERGING eae etn wa all fa oie Soo wns og pw wie eww ss ie« o | aon sins wee 6 biv. if biv. 
PATMUSARtTISbLGsacoetcs aye daee we res acts 20 univ 2 univ 10 biv. 1 biv. 
REAL TOL OOTA: stein, Gc sige siaisid o ewvaly v stan 20 univ 2 univ 10 biv. 1 biv. 
INS EUS reas OEE ua OIE ae 20 univ. 2 univ 10 biv 1 biv. 
Metapodius terminalis.............. 20 univ, 2 univ 10 biv 1 biv. 
Ghariesterucrameennatore cic. scciewe cis oe ci cls sc ee ves’ < Ail) ies. 3 00 ieee 12 biv 1 biv. 
NU OMS spILOSULUS Ser cee ies s srs = oe © 12 univ 2 univ 6 biv. 1 biv. 
A. eurinus il uni p) univ 6 5 biv. \ 1 biv 
PECUDIN US any. die sw tale t cuca ch De visto s niv aan : 

: . , : 1 biv. 
(CHGERIZAN MIEN TOTES oleclys Sols Och, 2 REO || CEOS Ee ORAM TRE | ROLES Ea ete gear 6 Wie 2o0r38 toroune: 
Harmostes reflexulus...........000. it univ. 2 univ 6 ? Lv \ 1 biv. 
Protenorbelfrar elias ces.sjdhs <lccwse ut a rl \ 2 univ 5 biv. 2 biv. 
(CARITDEN DI ATATSUERAUISG o Gua o.g6 en De BAIS | Genalcke Glteche COREE: TIE tae S| Geer ene 12 | biv. (all?) it biv. 
ebmodemius falicusiss. ckwcas soa. 14 univ 2 univ iy biv. 2or8 2 
Peliopelta abbreviata ............0. 14 univ 2 univ 7 biv. 1 biv 
CE Gamcaila MOTsalis: oa. oa<ces oe oe 11 univ 2 univ 6 ae \ i biv. 
Oncopeltus' fasciatus....2.....0..... 14 univ 2 biv. a biv. 2 biv 
Mepuopsern arora praise. acoso. Aste wheel a cote ee taliaecees <u c lhe ts APL cl\|heametl Ks) biv. if biv. 

. f , : F { 2 biv. 
GOLOCOTISTADICUS er, cilods osc veep as» 282 univ 5? univ 14 biv. 3 deans 

: : é 1 biv. 
FeCOCTLOC AL SUSU CHE IMM ren ierclae Wersilicy orereteral tome seieveiciees lvls, ass Wiser duens’ocaye ci sieve 16? biv. 2 {apes 
Tem OML LOU demerits tes. cteicic.s<.clid ot «val mene eee els chores alte me ahrsataew 17? 14? biv. 4 biv, 
Phymiataispes ccs oee one $A Stan aeeee 28 univ 2 univ 14 biv. he Dy 

, : 1 biv. 
COISCHE LONUSK octet crater acm chases svelte Be 7a, Al aR ac ae eek 9 biv. 2 aaah 
Acholla multispinosa........ hid Ome 24 univ 8 univ 12 biv. 4 biv 
Sines diademiants Jasob deck <nieo. Fees aes ees otes Cao Meee ener ve 14 biv. 3 biv. 
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SPERMATOGONIA. SPERMATOCYTES. 
SPEcIns, Chromosomes. Reel Chromosomes. aan 
No. Valence. | No. Valence. No. Valence. | No. Valence. 

: 5 war a | re ae i> > = : 4 
IErionidus Crista tus ?.(.n ceo eeseeir wieters 21? ? 5? MUMLVs | Hille erays erall ovetevenenevers iatate sl {lola sravols'|feleletster Rents ers . 
INGLY AS CLM CHU Ha. ere. ae ruerartgarcis ere 0) oh etal ict alee | ei Seevenboe totov ated eaters “bel Sagye. a sate cyaiol lowes Sosvaxel ease eeeteeerstonete 3 biv. 
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The following general deductions may be drawn from the consideration of these 
facts. Whenever there is an even number of univalent chromosomes in the spermato- 
gonia, they unite in the synapsis to produce exactly half this number of bivalent 
chromosomes. When there is an uneven number in the spermatogonia (Alydus ewrius, 
Harmostes, Protenor, Gidanecala) all but one of the chromosomes unite in the synapsis 
to form bivalent chromosomes, while the odd one remains single. 


(a) Number and Genetic Relationship. 


At the outset of the present study I was particularly interested to determine 
whether the numbers of chromosomes might afford clues to the relationship of the group 
of the Hemiptera heteroptera; that is, to learn, if possible, whether the number would 
afford a taxonomic criterion. Most of the families of the Hemiptera are very rich in 
species, however, and I have been able to procure only a few species for study, so that 
the present beginning must be continued on many more species before any conclusion 
can be reached. 

In the Pentatomide, counting the chromosomes in the spermatogonia, and not 
including the chromatin nucleoli, we find the number varies between twelve and sixteen, 
fourteen being most usual; in the Coreide we find twenty in Anasa and Metapodius, in 
Alydus eleven and twelve, in Harmostes and Protenor eleven. In the Lygeide, fourteen 
in Ichnodemus, Peliopeltu and Oncopeltus, eleven in Gidancala, and probably twenty- 
four in Cymus. These were the three families of which the most species were examined. 
From these numbers it will be seen that there is considerable variation in number for 
the different species of one and the same family. Accordingly we must conclude either 
(1) that the number of chromosomes is easily modified and changed, so that it has little 
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taxonomic value; or (2), that the families of the Hemiptera heteroptera, as they are at 
present defined, are artificial and not natural groups. I would incline to the latter view, 
since all our facts would show that chromosomes are very conservative structures, and 
that the germinal cycle is conservative; probably the soma may be modified by the 
action of the environment to considerable extent, before any such action would produce 
a change in the number of chromosomes. If this standpoint is correct, then the number 
‘of the chromosomes would be a very important consideration in dvciding the relationship 
of species; thus the Coreidew would have to be subdivided into a sub-group with twenty 
to twenty-four chromosomes (Anasa, Metapodius, Chariesterus), and into one with eleven 
or twelve chromosomes (Alydus, Corizus, Harmostes, Protenor). But it would be a 
reductio ad absurdum to say that all forms with twelve chromosomes must be related, or 
all forms with twenty ; the relative boundaries of a family must still be determined from 
the standpoint of broad comparative anatomy, and then within a group so defined the 
chromosomal number might be used as a basis for further subdivision. 


(b) Hactors Determining the Number. 

A problem of great importance, and one that would seem to lie close to the root of 
all nuclear phenomena, is that concerning the factors which determine the number of 
chromosomes. ‘The germ cells of each species have a fixed number of chromosomes, but 
different species show a very different number, from Ascaris megalocephala univalens 
with 2 up to Artemia with about 180. What is it that determines this numerical differ- 
ence? A consideration of the various thinkable factors allows us to limit the problem 
somewhat, by excluding certain ones which are not real factors. Here we may consider 
in what relation to chromosomal number stand centrosomes and achromatic spindle 
elements, number of nucleoli, mass of nucleus and cell body, form of cell, volume and 
form of chromosomes. 

The size, number and specific peculiarities of the centrosomes seem to have no connec- 
tion with the number of the chromosomes. The definite number of chromosomes appears 
in the prophases of mitosis while the nuclear membrane is still intact, and when the cen- 
trosomes are only commencing to exert an influence upon the other cell constituents. 
Even the longitudinal splitting of the chromosomes would appear to be an automatic movye- 
ment on their part. The centrosomes may well be centres of movements which produce 
the separation of the daughter chromosomes, but there appears to be no correlation 
between the centrosomes and the chromosomal number. And this seems also to be the 
case with regard to the spindle fibres. Central spindle fibres and polar radiations may 
vary in their phenomena in different generations of the same species, but the number of 
the chromosomes remains constant in all generations of the germ cells, for the apparent 
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halving of the number just before the maturation mitoses is not a real halving of the 
normal number, but only a grouping into pairs. And the mantle fibres, those which 
connect the centrosomes with the chromosomes, seem in fact to have their number deter- 
mined to some extent by the number of the chromosomes, and not to determine that number, 
for the definite number of chromosomes appear in mitosis before the mantle fibres arise. 
The number of the connective fibres, those which connect corresponding daughter 
chromosomes in the anaphase, is certainly determined by the number of the chromosomes, 
for these fibres are stretched-out portions of the linin matrices of the chromosomes. 
Thus the centrosomes and the achromatic spindle structures may play a part in the dis- 
tribution of the chromosomes, but apparently have no part in the determination of their 
number. 

As for the true nucleoli, their number, volume and position seem to be in no way 
regulative of the chromosomal number. The nucleolar number in one species is gener- 
ally variable, and correlatively also the volume and position, while the chromosomal 
number is constant; in the paternal germ cells the number of nucleoli is frequently 
different (and generally smaller) than that in the maternal cells of a species, but in both 
kind of cells the number of chromosomes is the same. 

The mass of the nucleus or of the cell body, or the relative mass of the two, might 
seem @ priort to stand in connection with the chromosomal number, yet an examination 
of the facts shows this is probably not the case. For instance, in one species the huge 
ovocytes and the much smaller spermatocytes have the same number of chromosomes, and 
a small ovogonium has the same number of chromosomes as a large ovocyte. And in the 
case of the ovocyte the volume of the nucleus is relatively small, in the spermatocyte rela- 
tively large in proportion to the mass of the cell body, yet the number of the chromo- 
somes is the same. ‘The mass of the chromatin substance may be more or less proportion- 
ate to the volume of the nucleus, but the number of the chromosomes appears not to be; the 
large number of chromosomes in Artemia (as determined by Brauer) is not correlated 
with a large nucleus; and as the figures of the present paper show, cells of approximately 
the same size from different species may show very different chromosomal numbers. The 
form of the cell is regulated to great extent by external influences, and variations in the 
form produce no modification of the chromosomal number. 

The volume of the chromosomes in mitosis is dependent upon their number, since 
the volume of the chromatin stands in more or less direct ratio to the volume of the 
nucleus. ‘The form of the chromosomes is more or less dependent upon their number, 
inasmuch as long ribbon-shaped chromosomes occur only where there are a small number, 
and rounded ones where there are a larger number present. Yet in all the Hemiptera, 
with their considerable differences in chromosomal number, the form of the chromosomes 
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remains quite constant, each univalent chromosome being generally slightly elongate. 
Thus the form is not wholly dependent upon the number, but particular groups of 
Metazoa appear characterized by particular forms of chromosomes, as e. g. the Mollusca 
with their rod-shaped chromosomes. Then the form of bivalent chromosomes is 
dependent upon the mode of junction of the component univalent elements. In no 
sense, however, can the form of the chromosomes be said to determine their number. 

So far our considerations lead to only negative results; centrosomes and achromatic 
spindle structures, nucleoli, absolute and relative mass of nucleus and cytoplasm, cell form 
and chromosomal form seem not to be factors determining the number of chromosomes. 
As I attempted to show in a preceding paper on Peripatus (1901), the chromosomes must 
be regarded as individuals of a lower grade than what I termed the “nuclear element,” 
namely, the linin spirem with the chromosomes arranged upon it. The problem is really, 
then, why does this nuclear element show in one species a certain number of chromatin 
segregations, in another species a different number? The more recent chemico-physio- 
logical studies would tend to show that the chromosomes are centres of metabolic activity, 
and accordingly the problem of the factors governing the chromosomal number may be 
closely connected with the phenomena of metabolism ; the number of the chromosomes 
may be dependent upon the nature of the metabolism, as upon either the chemical nature 
of the chromosomes themselves or upon that of the cell nutriment. The latter might be 
experimentally tested by changing the food of a species, and observing whether differ- 
ences in the number of the chromosomes might thereby be obtained. But to conclude 
that the number of the chromosomes is dependent upon the nature of the metabolism 
does not solve the problem but only states it more precisely. 

Another question which arises in this connection is whether a small or a large 
number of chromosomes is to be regarded as the primitive condition. A prvore it would 
appear probable that at an early phyletic period the number of chromosomes was not 
fixed for the species but variable, and that by a process of natural seleétion the number 
gradually became fixed. But as a species gradually changes into another form the num- 
ber of chromosomes may also be changed, as will be shown in the next section, so that 
we may speak of an evolution of the number of chromosomes. On the principle of the 
law of greater condensation of organs in progressing evolution, it might be that a large 
number of chromosomes represents a more primitive condition than a smaller number. 
Within such a group as the Hemiptera heteroptera, for instance, forms like the Belosto- 
matide, Reduviide, Capside and Phymatide would be primitive in possessing a larger 
number of chromosomes, while the Pentatomide, Scutellariide and Lygwide in possess- 
ing a smaller number should be regarded as more specialized—more highly developed. 
From such a standpoint as this, the chromosomal number would be of taxonomic 
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value—it would be a signboard of degree of specialization within the group. From 
such a point of view it might even be possible to construct a cellular classification which 
would have great value in that it would employ truly conservative structures. The cen- 
trosomes and central spindles have been considered phyletically in this way by Biitschli, 
Lauterborn, Heidenhain, Calkins and others, but so far the chromosomes have not been 
considered from such a standpoint, although they in many respects appear more conserv- 
ative than centrosomes and achromatic spindle structures. 

Accordingly, though the present study has not given a solution to the problem of 
the factors governing the number of chromosomes, except in showing that it must be 
sought in the phenomena of metabolism, yet it would show that chromosomal number may 
be employed as a criterion of relationship if it be used with caution and with due consid- 
eration of a broad comparative treatment of other structures. And the reason is because 
the chromosomes seem to be highly conservative, their number constant for the species, 
and because in a certain sense they represent the most important vital structures. We 
should not conclude that all forms with e. g. ten chromosomes should be ranked as closely 
related ; all with e. g. twenty-four as composing another natural group. But within a 
certain group which has been defined on a broadly comparative basis—such a group as the 
Hemiptera heteroptera—for instance, the chromosomal number would perhaps be a clue 
to the relative degree of specialization of the species. 


(c) Significance of the uneven normal number. 


One of the most unexpected results of this investigation was the discovery that in 
some species there is an uneven number of chromosomes in the spermatogonia, 7. e., an 
uneven normal number, whereas heretofore all observation and assumption has been that 
the normal number is always an even one. Of the Hemiptera studied, four species show 
an uneven number of chromosomes in the spermatogonia, namely, Alydus ewrinus, Har- - 
mostes refleculusProtenor belfragei and Ctdancala dorsalis ; in all of these the number 
is eleven, and in the synapsis stage one chromosome remains univalent while the ten re- 
maining combine to form five bivalent chromosomes. What is the significance and origin 
of this uneven number? 

Now, as far as our facts go, it seems that the number of the chromosomes is constant 
for the species, and that the paternal and maternal germ cells of a species have the same 
number ; this appears to be one of the points in the correspondence of the oyogenesis and 
spermatogenesis first determined by Henking (1890) and O. Hertwig (1890). Whenever 
there is this correspondence in number and valence, then in fertilization, when the 
paternal chromosomes are added to the maternal, an even number of chromosomes 
should result, and if the chromosomes maintain their individuality through the succeed- 
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ing generations, there should be an even number in the spermatogonia and ovogonia. The 
uneven number discovered in the four species mentioned may have arisen in one of two 
ways: through bastardization, or through a mitotic abnormality, each of which possibilities 
may now be considered. 

In the case of bastardization of a germ cell with one chromosomal number by a 
germ cell from another species with a different number, the uneven number eleven might 
be secured if a paternal germ cell of a species A, with the normal chromosomal number 
twelve, fertilizes a maternal germ cell of a species B with the normal number ten. In 
species A the reduction in number of the chromosomes would give six univalent chromo- 
somes in the spermatid, and in species B five univalent chromosomes in the matured 
ovum; conjugation of the two cells would then result in 6 + 5 = 11 univalent chromo- 
somes. In this way an uneven chromosomal number may have arisen by the conjugation 
of the germ cells of species with different numbers of chromosomes. But the objection to 
this view lies in the fact that hybridization of distinct species is generally infertile, and 
species which would have different chromosomal numbers would probably be quite distinct. 

More probably, then, the uneven number may have originated through abnormalities 
of mitosis, and there would be many possibilities for such an occurrence. (1) It may have 
arisen in a spermatogonic mitosis, in a species where the ancestral normal number is 
twelve, by the chromatin of the spirem segregating abnormally into only eleven chromo- 
somes, so that one of these chromosomes would be virtually bivalent. This would seem 
to have been the origin of the large odd chromosome « of Protenor belfraget, which ap- 
pears bipartite in the spermatogonia and also in the spermatocytes, though in the latter it 
does not conjugate with any other chromosome. Such a case would be a deficiency in the 
segregation of the chromatin in the prophases of mitosis. (2) Or the uneven chromo- 
somal number may have arisen by an unequal distribution of the chromosomes in the 
anaphases of mitosis, so that the daughter cells would not receive equal numbers. 

Now, whether the uneven chromosomal number had originated through bastardiza- 
tion, or, what would be more probable, through abnormality in mitosis, it is interesting to 
‘determine how this number can perpetuate itself through different generations of the 
species, for my observations show that in the species where it is found it occurs in all 
individuals. The following table gives in condensed form the mode of reduction of the 
chromosomal number and valence in the four species in question, the chromatin nucleoli 
being omitted for the sake of simplicity : 
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SPECIES. 


SPERMATOGONIUM. 


First SPERMATOCYTE. 


SECOND SPERMATOCYTE. 


Alydus eurinus. 


11 univalent. 


5 bivalent. 
1 univalent. 


Harmostes reflex- 
ulus. 


11 univalent. 


5 bivalent. 
1 univalent. 


5 univalent. 
1 semivalent. 


5 univalent. 
1 semivalent. 


SPERMATID. 


5 or 6 semivalent. 


5 or 6 semivalent. 


Protenor bel- 


10 univalent. 


5 bivalent. 
1 bivalent. 


5 univalent. 
1 univalent. 


5 semivalent. 
1 or 0 univalent. 


fragei. 1 bivalent. 


5 semivalent. 
1 (or 0?) semivalent. 


5 univalent. 
1 semivalent. 


5 bivalent. 
1 univalent. 


(@£daneala dor- 


8 univalent. 
salis. 11 alent 


It may appear strange that the chromosomes of the spermatids are classed as semi- 
valent since they are generally considered univalent; as I have explained in an earlier 
portion of this paper, however, they must be regarded as semiyalent on account of the 
absence of a rest stage between the maturation mitoses, though they are virtually univa- 
lent on account of their increase in mass during the growth period. Protenor belfraget 
differs from the three other species in showing a bivalent chromosome in the spermatogo- 
nium, which chromosome is consequently bivalent in the first spermatocyte even though 
it unites with no other during the synapsis stage. All four species haye in common the 
phenomenon that the odd chromosome does not conjugate with any other during the syn- 
apsis stage, but remains separate. In Alydus eurinus, Harmostes refleculus, and Protenor 
belfragei this odd chromosome does not divide in the second maturation mitosis, but passes 
undivided into one of the two spermatids. In Gdancala dorsalis I was unable to deter- 
mine its behavior in this mitosis, though I have no reason to suppose that here it behaves 
differently from the other species. This unequal distribution of the odd chromosome in . 
the second maturation mitosis is evidently in some way dependent upon its not having 
united with a fellow-chromosome during the preceding synapsis stage. What concerns us 
particularly at present is the fact that in these species with an uneven normal number of 
chromosomes, unlike those with an even number, one chromosome (the odd one) is not 
divided in the second maturation mitosis, but passes undivided into one of the daughter 
cells (spermatids); half of the spermatids then haye six chromosomes and half have only 
five. 


Bearing this point in mind, let us see how the uneyen chromosomal number may be 
perpetuated from individual to individual. 


This may be occasioned by one of two possi- 
bilities, 


(1) The paternal germ cells having eleven chromosomes in the spermatogonia 
and either five or six in the spermatids, there is the probability that the maternal germ 
cells (ova) may have a corresponding number of chromosomes. If a spermatozoon with 
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five (or six) chromosomes conjugates with an ovum with five (or six), so that each of the 
conjoints has the same number, an even number would result in the fertilized ovum. But 
if a spermatozoon with five (or six) chromosomes unite with an ovum with six (or five), 
the conjoints having then different numbers of chromosomes, the fertilized ovum would 
have the uneven number eleven; the uneven number would then be perpetuated from 
individual to individual, so long as the conjugating cells have different numbers of chro- 
mosomes, and so long as the odd chromosome does not divide in one of the maturation 
mitoses. (2) Or germ cells from individuals with an uneven normal number of chromo- 
somes, by conjugating with germ cells from individuals with an even number, would occa- 
sion an uneven number in the fertilized ovum. Either of these possibilities would suffice 
to explain the transference of the uneven number from individual to individual, though 
the first possibility would appear the more probable. 

So far we have considered the origin of the uneven chromosomal number and a 
mode by which it is perpetuated from individual to individual. We have now to discuss 
its significance. Most of the Hemiptera examined by me show an even normal number of 
chromosomes ; only four showed an uneven number, and in no other Metazoa has an un- 
even number, to my knowledge, been found. The uneven number would accordingly 
appear to be unusual. It seems to me probable that the uneven number represents a 
transition stage between a higher number and a lower, or the converse, and it is unusual 
because the transition stage is probably shorter than the earlier and the later stages. ‘The 


number of the chromosomes varies quite considerably in the different species of the Hemip- 


tera heteroptera, but we cannot suppose that the number was constant for each species 
from the beginning any more than we can consider that the species have always remained 
unchanged ; there must have been an evolution of the chromosomal number, as there has 
been of the species. It is quite possible that an even number of chromosomes, as ¢. g. 


twelve, may have changed into an even number (ten) without first passing through the stage 


of the uneven number (eleven). This might take place by the number ten appearing 
simultaneously in both paternal and maternal germ cells through some abnormality or 


deficiency in mitosis. But it is far more probable that such a mitotic abnormality would 
— not occur coincidently in both kinds of cells—more probable, e.g., that a paternal germ 


cell, acquiring an abnormal number of chromosomes by some fault in the process of mitosis, 


would conjugate with a maternal germ cell with the normal number; the result of such 
ES a union would be of course an uneven number. On this argument, when the chromo-_ 
y a a sg: ae uae ates of ores would be characterized ec an uneven rea 
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germ cells gradually acquired the same uneven number of chromosomes, then by conju- 
gation of such cells, similar numbers of chromosomes being added together, a new even 
number would result. But there is still another possibility by which the uneven number 
could pass into an even one. The odd chromosome, at least in the cases here described, 
does not divide in the second maturation division, and so behaves abnormally. Now such 
an abnormally behaving chromosome might in time become differentiated from the other 
chromosomes, and I venture the view that such odd chromosomes are on the way to be- 
come chromatin nucleoli. The main fact on which this conclusion is based is that in 
Protenor belfraget it is the odd, the eleventh chromosome—the “ chromosome «”—which 
in the spermatocytic growth period evinces the phenomena of a chromatin nucleolus. 
Then another correspondence is that the chromatin nucleoli in most Hemiptera act like 
the odd true chromosome in usually not dividing in the second maturation division. Here 
we have an explanation for the origin of those peculiarly modified chromosomes, the chro- 
matin nucleoli, thoroughly in accord with the facts I have described for them: the chro- 
matin nucleoli are modified chromosomes, in point of origin the odd chromosomes which 
appear in the period of transition from a higher (or a lower) to a lower (or higher) even 
normal chromosomal number. And there are generally two chromatin nucleoli in the 
spermatogonia, because the odd chromosome in those cases where there is an uneven nor- 
mal number had probably been formed in most cases, as it certainly appears to have orig- 
ignated in Protenor belfragei, as a union of two univalent. chromosomes which had failed 
to separate from one another in the spirem stage of the spermatogonic mitosis. ‘This also 
explains why the two chromatin nucleoli are generally placed close together i in the monas- 


ter stage of the spermatogonium, they having been originally contiguous in the spirem 
thread. : ; 
Such an explanation of the origin of the chromatin nucleoli from the odd chromosomes 
seems to be in accord with all the facts, and so far may be considered a true explanation. - — coe 
The chromatin nucleoli are modified chromosomes, and it is the odd chromosomes which 
become thus modified. Conversely, we should expect that chromatin nucleoli would be _ 
formed whenever the chromosomal nunaiens in asa: frome a a to a lower — 9] 
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original size, there should be no gradations in yolume—no degeneration on their part—so 
that in a given species we could determine by their number how many times the chromo- 
somal number had changed. But when new chromatin nucleoli are formed, the older ones 
would seem to degenerate in the order of their formation. This assumption would explain 
the occurrence of very minute chromatin nucleoli found in cells of certain Hemiptera along 
with much larger ones; the minute ones would represent chromatin nucleoli formed at 
earlier periods, now on the way to total degeneration and disappearance. We might ex- 
plain the general occurrence of one pair in the spermatogonia, or of one bivalent one in 
the spermatocytes, on the conclusion already reached in an earlier part of this paper, that 
the chromatin nucleoli are metamorphosed for a special function different from that of the 
other chromosomes and so necessary for the nuclear activity ; and the reason for their de- 
generation when new ones are formed, in that a single pair would generally appear to be 
sufficient for this function, so that not more than one pair would remain in functional 
activity at one time, 

Thus we find that the unexpected discovery of an uneven chromosomal number in 
the spermatogonia opens the way to an explanation of certain phenomena, and suggests 
others not anticipated. It suggests that there is a gradual evolution in the numbers of 
chromosomes; that they have not been fixed from the start, but that with the evolution 
of the species the chromosomal number changes and at each change probably passes 
through a period with an uneven number. In the Hemiptera this would seem to be, in 
the forms examined, a change from higher to lower numbers, and in such a change the 
odd chromosome becomes metamorphosed—becomes a metamorphosed chromatin nucleolus. 
If attention be given to these points in other groups of animals, there can be little doubt 
that there, too, will be found occasional. examples of uneven normal chromosomal num- 
bers, and probably also in some of these cases the production of structures comparable to 
the chromatin nucleoli of the Insects. There is great need, first of all, however, to deter- 
mine for the Hemiptera whether in such cases there is a close correspondence between 
the spermatogonesis and ovogenesis—that correspondence I have assumed, since I have not 
studied the ovyogenesis. 


4, Considerations on the Cycle of the Germ Cells. 


Here shall be considered in succession some points of broader interest which haye 
arisen in the course of my studies on spermatogenesis. 


(a) The sequence of the stages of the cycle. 


In the germ cells of the Metazoa there may be seen regular cycles of generations 
following upon one another. In each cycle may be noted a stage of conjugation of ma- 
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ternal and paternal cells or stage of fertilization; upon this follow a number of ovogonie 
or spermatogonic generations, the exact number of which has not yet been determined for 
any metazoon; the last generation of the oyogonia or spermatogonia give rise to ovocytes 
or spermatocytes of the first order, and these are characterized by the synapsis stage and 
growth period when the reduction in the number of chromosomes is effected, the synapsis 
stage being evidently coincident in all forms with the commencement of the growth 
period ; and finally occur two maturation divisions which result in the formation of oyo- 
tids or spermatids. The spermatids undergo an elaborate metamorphosis to become sper- 
matozoa; but since such a metamorphosis is not found in the ovotids, we may disregard 
this stage, which evidently is far less conservative than the others; from the comparative 
standpoint the metamorphosis of the spermatozoon is of much less morphological signifi- 
cance than the preceding stages of spermatogenesis, and would appear from the recent 
investigations to be far more variable. 

Thus each germinal cycle shows the following well-marked stages: conjugation or 
fertilization, a stage of a number of oyogonic or spermatogonic generations, the synapsis 
stage coincident with the growth period, and the stage of the two maturation divisions. 
Kach such cycle is succeeded by a similar one, and so on indefinitely for an indefinite 
number of cycles. Now it is unthinkable that a cycle should be without a beginning; it 
must have been gradually evolved, and some particular stage in it must have been the 
starting point. What was this first stage? An answer is necessary before we can enter 
into the discussion of the meaning of the synapsis stage. 

It appears to me most probable that the stage of conjugation of the germ alle must 
be considered the starting point. For from the studies of R. Hertwig and Maupas 
on Infusoria, it appears probable that conjugation or fertilization is essentially a pro-, 
cess of rejuvenation: cells may divide and reproduce for a number of generations 
asexually, but there comes a period when the cellular vitality diminishes, so that no further, - 
reproduction is possible except after rejuvenation afforded by conjugation with another 
cell’ When thus rejuvenated by admixture of substances from the other conjoint, the 
cell starts upon a new period of generation—the period of conjugation thus being the 
commencement of a cycle. As we shall see, the synapsis stage is really a delayed part of 
the process of conjugation, and the growth period is induced by the synapsis of the chro- 
mosomes. Having determined the starting point of the germinal cycle, we may now con- 
sider the meaning of the synapsis stage. 


(b) The phylogeny of chromosomes and the significance of the synapsis stage. 


In the considerations that follow I assume that through the germinal cycle the chro- 
mosomes preserve their individuality from generation to generation—4. ¢., that a particular 
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chromosome of one generation is represented in a particular one of a preceding, so that 
chromosomes are not produced de novo in each generation. The evidence for this assump- 
tion, as regards the Hemiptera, has been already stated above (cf. the heading: “The 
process of spermatogenesis in the Hemiptera”); other evidence was shown in my study 
on Peripatus (1901), and there also the observations of other workers was considered in 
some detail so it is not necessary at this point to enter into these particulars. Without this 
assumption, which is an actuality, as I have shown in some cases, it would be very diffi- 
cult to determine the meaning of the stages of the germinal cycle; while on this assump- 
tion much becomes clear, and the phenomena of the synapsis stage alone are strongly 
corroborative of this assumption. 

_ Now in the cycle of the germ cells there is a chromosomal peculiarity which has been 
described by other investigators, but its significance has not been understood; I referred 
to it in my study of Peripatus (1901). In the anaphases of the male and female pro- 
nuclei, as in the anaphases of the early cleavage cells, it is characteristic that each chro- 
mosome becames vesicular so that at this stage each daughter nucleus appears composed 
of as many such vesicles as there are chromosomes. Lach yesicle has its own limiting 
wall, and-not infrequently the different vesicles may be only loosely connected together ; 
ultimately, however, when the complete rest stage is attained, the boundaries between the 


vesicles disappear so that the nucleus appears a whole without separated parts.* 


Riickert (1895) supposes the chromosomal vesicles to represent a shortened anaphase, 
occasioned by the rapid sequence of the mitoses in the blastomeres ; that this is hardly a 


correct explanation is seen from the following considerations. From the list of cases just. 


mentioned in the footnote it will be seen that anaphases with vesicular chromosomes are 


found in the pronuclei and in the earlier cleavage cells—i. e., in nuclei at the beginning of 
the germinal cycle. I have never seen such vesicular stages in the last generations of 


ovogonia and spermatogonia, nor to. my EROIRC EE has any one else ; but in these later 


* This vesicular stage of the chromosomes in the anaphases of mitosis has peas described by the following 


é workers, though this is probably nota complete list: Remak (1855, cited by Henneguy, 1896, blastomeres of Batrachia); 
 Oellacher (1872, egg of Trout); Trinchese (1875, cited by Henneguy, 1896, pole cells of Acolididae) ; O. Hertwig 
- (1876, id. cétat., blastomeres of Bufo); Fol (1879, éd. citat., Toxopneustes egg); Henneguy (1882, 1891, egg of Trout); 
 Bellonci (1884, cited by Henneguy, 1896, blastomeres of Agolotl); Schwarz (1888, dd. citat., blastomeres of Trout); 
— Van der Stricht ‘Cid. citat., larval epidermis of Salamandra and Triton, megacaryocytes, leucoblasts and erythroblasts _ 
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germinal stages, as well as in apparently all adult tissue cells (compare Flemming, 1882, 
1890; Zimmermann, 1890; Rabl, 1885 ; Torok, 1888), there is generally no such vesicular 
stage during the anaphase—it is then characteristic of embryonal cells, of those at the 
commencement of the generative cycle. An explanation of a possible reason for the 
chromosomal vesicles maintaining their independence was given in my paper on Peripatus 
(1901), where I referred it to the breaking of the linin spirem effected by the reduction 
mitosis, and maintained that no continuous chromatin spirem could be formed—~. e., no 
close juxtaposition of the chromosomes be effected until the linin spirem had become 
restored. 

Probably the chromosomal individuality is maintained through all the generations of 
the cycle, but the chromosomes seem to show their independence most markedly in the 
early stages, where it is strikingly evinced by their vesicular phenomena. ach vesicle 
appears to be potentially a little nucleus, with its ova wall, its chromatic reticulum and 
caryolymph, and sometimes with its own nucleoli. This is very suggestive of the possi- 
bility that each chromosome may represent, from the phyletic point of view, a nucleus ; 
and a metazoan nucleus would then be a symbiotic union of as many nuclei as there are 
chromosomes. Such a conclusion might explain why the chromosomes pass~ through 
vesicular phases resembling nuclei in the earlier periods of the cycle. 

So far we have seen that in the earlier portion of the germinal cycle the chromosomes 
remain more disconnected from one another than at later periods; in the later periods, 
those e.g. of the last generations of the spermatogonia and oyogonia, they no longer show 
vesicular, nuclear-like appearances in the anaphases, and appear to be more dependent 
upon one another—less independent. Now another line of facts may be considered in 
this regard. Van Beneden (1883, 1887) first showed that in the fertilized egg of Ascaris 
the paternal and maternal chromosomes remain separated from one another, so that in the 
prophases of the first cleavage mitosis a paternal and a maternal chromatin spirem is 
formed; thus Van Beneden concluded a maintenance of the individuality of the pro- 
nuclei. Then Riickert (1895) found in the cleavage cells of Cyclops that the paternal 
and maternal chromosomes form two separate groups throughout the mitosis, and that 
even in the rest stage there is a double nucleus, half paternal and half maternal; in the 
prophases there is a paternal chromatin spirem distinct from the-maternal one. Up to 
about the 32-cell stage Riickert was able to find these double nuclei, but found that in 
later cleavage stages they gradually decrease in number. But Riickert is probably in 
error when he concludes that the separation of the paternal and maternal chromosomes is 
retained even up to the time of the first maturation mitosis (first pole spindle). He bases 
this conclusion on the discovery that in the equatorial plane of the spindle at this stage 
the chromosomes are arranged “ausnahmslos” into two groups. Now here the chromo- 
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somes are bivalent and eleven in number, so that each group cannot have the same num- 
ber. Thus out of the cases examined by him, in twelve cases the chromosomes were in 
groups of relatively equal number (relation of six to five); in two cases, one group had 
four, the other group seven chromosomes; in three cases, they were arranged in groups of 
three and eight, respectively ; and in one case, in groups of two and nine, respectively. 
Thus, though there may be at the period of the first maturation mitosis an arrangement 
of the chromosomes into two groups, yet the variable discrepancy in the number of the 
chromosomes composing the two groups shows that it is impossible that one group has only 
paternal chromosomes and the others only maternal, for the reason that at the start (in 
the fertilized egg) paternal and maternal chromosomes are equal in number. Accordingly, 
Rickert has shown for Cyclops that the maternal and paternal chromosomes form separate 
groups up to about the 32-cell stage, when the separateness of these groups gradually 
disappears ; and his own descriptions and figures would show that at the time of the 


ie first maturation mitosis there is no longer a paternal group of chromosomes separate from 
4 a maternal group. There could also be mentioned the observations of other authors to 
4 the effect that the paternal and maternal chromosomes compose separate groups in the 
3 “4 early cleavage cells, as especially the observations of my colleague, Prof. Conklin, on the 
Bz: eggs of Crepidula. ; 

ae Accordingly, we have seen that in the earlier period of the germinal cycle, at the 
y time of fertilization and the immediately following generations, paternal and maternal 
Sar a chromosomes remain separated from one another, and also that the individual chromo- 
Sees é A ‘ : 

eee somes show a remarkable degree of independence as evinced by their vesicular phenomena 
in the anaphases. In the later stages of the germinal cycle, on the contrary, paternal and 
Be be ~ maternal chromosomes appear no longer to be arranged in separate groups, and the chro- ; 


---—— mosomes themselves are no longer vesicular in the anaphases. 
. Now for the bearing of all this on the question of the significance of the synapsis 
oo. stage. At the commencement of the germinal cycle, the stage of conjugation of the germ 
) 7 — cells, the chromosomes are more distinct from one another than at any later stage; this 
distinctness gradually disappears as the cycle progresses, and at the time ot the synapsis = 
a - stage the chromosomes actually join together to form half the normal number of (bivalent) — 
at _ chromosomes. What chromosomes are these which unite to form pairs? Does a paternal aoe 


some unite with a oe and: a maternal ete a pares or does a Laces ehre- y sf oe 
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this would be a union of a paternal with a maternal chromosome. Also in the Hemiptera, 
whenever there are in the spermatogonia two chromosomes which are distinguishable from 
the others by their greater size, as in several species described in this paper—e. g., Protenor 
belfragei—these two especially large ones always unite together in the synapsis to form 
one bivalent one much larger than the other bivalent ones, and one ot the large ones does 
not unite with a small one; now it can be shown that one of these large chromosomes is 
paternal and the other is maternal. For calling the two large chromosomes of the sper- 
matogonia a and 4, respectively, they unite in the synapsis to form the bivalent chromo- 
some ab; the first maturation mitosis (here a reduction division) gives a to one daughter 
cell (second spermatocyte) and 4 to the other; the second maturation division of the one 
of these daughter cells gives to each spermatid 2a, the corresponding division of the other 
daughter cell 34 to each spermatid. What we find in each of these spermatids is only 
one especially large chromosome, and not two. Accordingly, in order for there to be two 
in the spermatogonia, the egg cell must furnish one, and then that one, together with the 
one furnished by the spermatozoon in fertilization, would make up the two. Then of the 
two particularly large chromosomes of the spermatogonium, one would be paternal and - 
one maternal, and since these two unite in the synapsis stage, this would be a union of a 
paternal chromosome with a maternal chromosome. A case where two particularly large 
chromosomes are distinguishable in the spermatogonia was selected for discussion, because 
these two, on account of their peculiarity in size, can be recognized through the matura- 
tion divisions ; but if the conclusion be true that one of the large chromosomes is paternal 
and one maternal, and that these two join together in the synapsis, then it would be very 
probable that each of the other bivalent chromosomes of the spermatocytes represents a 
univalent paternal chromosome united with a univalent maternal one. ‘This case, as. the 
one of Ascaris megalocephala wnivalens, may be considered very positive cases in favor of 
the union of paternal with maternal chromosomes in the synapsis stage. There is still- — 
another point of view which makes this conclusion very probable. As we have seen, 
whenever there is an even number of chromosomes in the spermatogonia, exactly half that 
number of bivalent chromosomes are formed in the synapsis; thus in Euchistus variolarius 
there are fourteen uniyalent chromosomes in the spermatogonia, and seven bivalent ones 
in the first spermatocytes. Now seven of these chromosomes are paternal and seven ma- 
vn ternal, since the spermatids have only seven. The regular formation of seven ever? 
ee chromosomes in the synapsis stage would be only possible if maternal chr 
x on es ones. Hey if, on the nee pda chromosomes unit 
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in the first spermatocytes of Muchistus all the chromosomes are united into pairs, so that 
there are no chromosomes remaining univalent, it follows that in this case it is impossible 
that only chromosomes of like parentage should unite together. 

These considerations render it very probable that in the synapsis stage is effected a 
union of paternal with maternal chromosomes, so that each bivalent chromosome would 
consist of one univalent paternal chromosome and one univalent maternal chromosome. 
This conclusion allows us to consider the synapsis stage in an entirely new light, and gives 
an important significancé to this stage. The synapsis stage then, which is characterized 
by the union of chromosomes into bivalent pairs, may be considered the stage of the con- 
jugation of the chromosomes. When the spermatozoon conjugates with the ovum there is 
a mixture of cytoplasm with cytoplasm, of karyolymph with karyolymph, possibly also 
an intermixture of other substances; but there is then no intermixture of chromatin, for 
the chromosomes then, as we have seen, remain more separated from one another than at 
any other stage—in fact, the paternal chromosomes seem to show a repulsion for the 
maternal, inasmuch as they are arranged in two separate groups. But after this begin- 
ning stage of the germinal eycle, the repulsion of the paternal for the maternal chromo- 
somes gradually diminishes, is generally no longer recognizable in the last of the spermato- 
gonic and oyogonie divisions, and in the synapsis stage instead of a repulsion we find a posi- 
tive attraction between the paternal and maternal chromosomes. The reason for the final 
union of these chromosomes is obvious: it is evidently to produce a rejuvenation of the 
chromosomes. From this standpoint the conjugation of the chromosomes in the synapsis 

_ stage may considered the final step in the process of conjugation of the germ cells. It is 
a process that effects the rejuvenation of the chromosomes; such rejuvenation could not 
be produced unless chromosomes of different parentage joined together, and there would 
be no apparent reason for chromosomes of like parentage to unite. At the same time the 
so-called “reduction in the number” of the chromosomes is effected, but. this is probably 
not primal but rather a necessary result of the conjugation of the chromosomes. And 
here the point may be made that really there takes place no reduction in the number of 
the chromosomes in the germinal cycle, but “ reduction in number” is simply a conyeni- 
ent phrase for expressing that in the synapsis the chromosomes unite to form pairs; no 
chromosomes haye been lost, there is in the strict sense no reduction in number. 

So we find that the synapsis stage has a very broad and important significance, of all 
the stages in the germinal eycle second only to the initial stage of conjugation of the germ 
cells. In the synapsis stage we.see the final process in the conjugation of the germ cells, 
namely, the conjugation of the chromosomes. N ow following immediately upon the syn- 
apsis stage comes the growth period of the spermatocytes and ovocytes—that period when 


the germ cells attain volumes greater than at any other period in the germinal cycle. 
A. P. 8.—VOL. XX. CC. 
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Very evidently this great increase in volume is effected by that rejuvenescence of the chro- 
mosomes secured by their conjugation. For the chromosomes are centres of metabolic 
activity, by conjugation of paternal with maternal chromosomes in the synapsis stage 
their metabolic functions are rejuvenated, and this rejuvenation finds its expression in the 
great changes of the growth period. So this explanation of the synapsis stage would seem 
to be in accord with all the facts known at present. 

It is quite possible that at an earlier period in the phylogeny, the conjugation of the 
chromosomes may have taken place at the time of the conjugation of the germ cells, and 
not have been separated from that stage by a number of generations as in the modern 
Metazoa. But the determination of the original time of occurrence of the conjugation of 
the chromosomes is highly speculative, and so will not be entered upon here. 

It is generally stated (e.g. Von Rath, 1893; Riickert, 1894) that the bivalent chro- 
mosomes of the spermatocytes and ovocytes of the first order are produced “ by the spirem 
segmenting into only half the normal number of chromosomes.” This is not a correct 
statement, since in the prophases of the first maturation mitosis there is, as I have shown 
in my paper on Peripatus, no stage of a continuous chromatin spirem. Further, this 
general statement is not at all explanatory of the formation of bivalent chromosomes, for 
it does not express any reason why the chromosomes should be joined into pairs. 

It is to Moore (1895) that we owe the first clear characterization and estimation of 
the synapsis stage ; he divided the germinal cycle into the “ first period” (conjugation of 
germ cells, spermatogonic and ovogonic divisions), the “synaptic phases” (coincident with 
the growth period), and the “second period” (maturation divisions). It will be seen that 
my own classification of the stages is somewhat more detailed than Moore’s, though it is 
not necessarily any better. The important characteristic of the synapsis stage is, of course, 
the union of chromosomes into bivalent pairs; the exact details of this process, which 
appear to differ in different groups, are of secondary significance. 


(c) Lhe significance of the maturation divisions. 


The two maturation divisions of the Metazoa represent the terminal stages of the 
germinal cycle. 

In the Copepods (Hiicker, 1895; Riickert, 1894), the Isopods (Oniscus, in a just 
finished paper by my student, Miss Tetiies Nichols), in the Insects (Von Rath, 1892 ; 
Henking, 1890; Montgomery, Paulmier, 1899 ; McClung, 1900), and in Peripatus (Mont- 
gomery, 1901) there are well demonstrated cases that one of the maturation divisions is a 
reduction division (pseudoreduction, Riickert, 1894) in that it accomplishes a separation 
of entire univalent chromosomes from one another. Such a reduction division, a trans- 
verse splitting of the chromosomes, is not known for any other generation of the germinal 
cycle, nor for any somatic generation. 


OO 
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But in Ascaris (Brauer, 1893 b), in Salamandra (Meves, 1896), in the Rat (Len- 
hossek, 1898), in Selachii (Moore, 1895), and in Amphiwna (McGregor, 1899) the au- 
thorities cited agree that both maturation divisions are equational. Now it does not seem 
a priori probable that in some JMetazoa a reduction division should occur, and in others 
not. ‘The case of Ascaris would seem to show no sign of a reduction division, for Brauer’s 
careful study apparently shows that each bivalent chromosome becomes split longitudi- 
nally twice; yet Sabaschnikoff’s more recent study (1898) would show that another inter- 
pretation of the phenomena is possible (but not proved), namely, that the chromatin 
microsomes may become rearranged into fours in such a way that one of the maturation 
divisions may be reductional. In the Salamander, Flemming (1887) showed that the 
mitosis of the first generation of spermatocytes has remarkable peculiarities, so that he 
named it a “heterotypic” mitosis. The most remarkable of its characteristics is that the 
chromosomes are longitudinally split in shape like horseshoes, and that they open up into 
the forms of rings, the ends of the daughter horseshoes retaining their mutual connection. 
Such a heterotypic mitosis was corroborated by Meves in his description of the spermato- 
genesis of Salamandra; and it has been shown to be characteristic of the first maturation 
division in Sedachu, the Rat, and Amphiwma by Moore, Lenhossek and McGregor, respec- 
tively.* All these writers show that the heterotypic mitosis results in a longitudinal 
division of the chromosome, and there can be no reasonable doubt of the correctness of 
their descriptions. But I think they are mistaken in concluding that because the hetero- 
typic division is a longitudinal division of the chromosomes, that therefore it is an equa- 
tion division. For the chromosomes of these spermatocytes are bivalent—there are just 
half as many in the spermatocytes as in the spermatogonia. Since there is no loss of 
chromosomes in the spermatocytes, there must take place a union of univalent chromo- 
somes into pairs during some part of the growth period—+. ¢., in the synapsis stage. I 
venture the view that in the Vertebrates either (1) the bivalent chromosomes are formed 
by every two univalent chromosomes becoming apposed to one another side to side—. e., 
along their whole length, so that the two would compose a double horseshoe—or (2) by the 
two ends of one univalent chromosome becoming closely connected with the two ends of the 
other, so that the whole would have the form of a ring. From what has been described 
for these bivalent chromosomes, we know that the longitudinal split does not divide their 
ends, but the ends are unsplit. Accordingly, it would appear probable that the essential 
process in the formation of these bivalent chromosomes is that the two ends of one univa- 
lent chromosome become united with the two ends of another, while it would be of secon- 
dary importance whether the two chromosomes might be apposed along their whole lengths 
or not. ' 


* Moore states that the second maturation division is also heterotypic, but his figures do not prove his point, 
which needs reéxamination, 
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But from this it would follow that the heterotypic mitosis of the first spermatocytes 
of the Vertebrates is really a reduction division, and results in the separation of whole 
univalent chromosomes. Then the longitudinal split of such bivalent chromosomes would 
be really the space between two univalent chromosomes. Thus, though these chromosomes 
may appear in the prophases longitudinally split, yet a separation of the daughter chromo- 
somes along the line of this split would not be an equational division. The workers on 
vertebrate spermatogenesis have indeed shown that the bivalent chromosomes are split 
longitudinally, but since none of them have succeeded in demonstrating how the bivalent 
chromosomes are formed in the synapsis stage they could not show the significance of 
this longitudinal split. For Peripatus and the Hemiptera I have shown that a bivalent 
chromosome is produced by one end of one univalent chromosome uniting with one end 
of another ; while in the Vertebrata, if my interpretation is correct, a bivalent chromosome 
would be produced by the union of both ends of one univalent chromosome with both 
ends of another—the spermatogonic chromosome is U-shaped, the spermatocytic chromo- 
some is ring-shaped since it represents two such U-shaped elements with their ends con- 
nected. Also in Peripatus and the Hemiptera there are occasionally ring-shaped chro- 
mosomes similar to the heterotypic chromosomes of Vertebrates, and they are formed by 
the two ends of one univalent chromosome being joined with the two ends of another, 
instead of one end being joined simply with one end. 

This interpretation explains, and the process has never been satisfactorily explained 
before, why one of the maturation mitoses in Vertebrates is heterotypic: it is a reduction 
division. separating entire univalent chromosomes, and it differs from all other mitoses 
of the germinal cycle because it is the only one of them which does separate entire chro- 
mosomes. If this view is true, then probably all Metazoa would have in common the 
occurrence of one reduction division, and we should no longer be confronted by the dis- 
crepancy between Metazoa with and those without a reduction division. The occurrence * 
of a reduction division is actually proved for the Copepoda, Insecta, Oniscus and Peri- 
patus (I shall not mention other objects where it has been rendered probable but not 
thoroughly proven); @ priori we should expect that one would occur in the Vertebrates 
also, and in the Vertebrates there does occur a peculiar heterotypic division which, as 
we have seen, can be satisfactorily explained as a reduction division. Accordingly, the 
term “heterotypic mitosis” might be applied to any mitosis which results in the separation 
of whole univalent chromosomes, irrespective whether it divides the bivalent chromosome 
transversely or longitudinally ; the term “heterotypic” is indeed most excellent in that 
it expresses a mitosis “ of a type of a different kind,” one differing from all other mitoses 
of the germinal cycle. Of very secondary importance, then, would be the form of the 
chromosomes—not the form but the way in which the chromosomes divide should be 
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taken as the criterion of the heterotypic mitosis. This signification would be different 
from that originally defined by Flemming (1887), but it would certainly bea step toward 
greater clearness to use “heterotypic” division in the place of the promiscuously used 
“reduction ”’ division. 

Now that we have seen that a reduction division occurs in the Copepoda, Insecta, Onis- 
cus and Peripatus, and that the heterotypic division of the Vertebrata may be interpreted 
as a reduction division also, we have to try to explain why such a reduction division occurs. 
In the synapsis stage there is a conjugation of paternal with maternal chromosomes for the 
purpose of rejuvenation of the chromosomes as metabolic centres, and this rejuvenation is 
exemplified in the great metabolic activity of the growth period. Now, R. Hertwig and 
Maupas have shown for the Jnfusoria that the two conjoints remain for only a certain 
period in apposition, and that when the interchange of nuclei necessary for rejuvenation 
has been accomplished the conjoints separate. Of course it is not a true analogy to com- 
pare conjugating nfusoria (2. e., whole cells) with conjugating chromosomes (7. ¢., por- 
‘tions of cells). But still it is very probable that two chromosomes unite temporarily for 
the same reason that two Jnfusoria do, that is, for an interchange of substances; and 
when the chromosomes have accomplished this interchange there would no longer be 
any necessity for continued apposition, so they tend to separate from one another. It is the 
reduction division in Metazoa which accomplishes the complete separation, though it may 
commence in the prophases of this division. It is conceivable that the conjugated chro- 
mosomes might separate as they had come together, without the intervention of a mitosis. 
But in the A/etazoa, so far as we know, they become separated only by the agency of a 
mitosis, and that is the reduction mitosis. At the beginning of the germinal cycle there 
is a repulsion of paternal and maternal chromosomes for one another, during the synapsis 
a strong attraction, and at the end of the germinal cycle a repulsion again, but not a re- 
pulsion so strong as to distribute the chromosomes into two groups in the spermatid and 
ovotid. Only by a reduction division can paternal and maternal chromosomes become 
wholly separated, for only then do the interchromosomal linin fibres (persisting portions 
of the linin spirem : compare my paper on LPeripatus) become broken. 

The question is complicated because another maturation division occurs, an equa- 
tional division: in the Jnsecta, Oniscus, Peripatus and the Vertebrates the reduction 
division precedes the equational, in the Copepoda (according to Riickert, 1894) the re- 
verse is the case. It is not difficult to explain why an equation division should occur at 
this time, for the cell has increased in volume very greatly during the growth period, and 
great increase in volume (increase beyond the individual mass) would appear to be a main 
factor in inducing cell division. With this increase in volume of the cell the chromo- 
somes also increase in volume (though by no means in a direct ratio), and each univalent 
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component of a bivalent chromosome divides into two longitudinally (equationally), this 
being the usual mode of division of a chromosome—in fact the only known method of re- 
production of univalent chromosomes. From this standpoint the growth period would 
be the inducer of the equational maturation mitosis, and this mitosis would be strictly 
comparable physiologically to any other equation mitosis of the germinal cycle. But at 
the time that the cell is preparing for this equation division, paternal and maternal 
chromosomes, haying accomplished the purpose which occasioned their conjugation, show 
a tendency to repulsion for each other, and so evince the need of becoming disconnected. 
The cell already started into mitotic activity would offer mechanical possibilities to effect 
the separation of the maternal from the paternal chromosomes, so that instead of a single 
mitotic process there are two in rapid succession, sometimes with not a trace of a rest stage 
in between, one separating entire univalent chromosomes, the other separating the halves 
of each univalent chromosome. It would be very enticing to enter here into the me- 
chanics of this mitosis, which would be practically a determination of the points of appo- 
sition of the mantle fibres on the chromosomes; but such an inquiry is hardly germane 
to the present discussion. The point to be made is that in the MMetazoa there follows 
after the growth period an equation mitosis, because in the growth period the cell has in- 
creased beyond the normal size; and that a reduction division occurs about the same time 
in order to affect a complete separation from one another of the paternal and maternal 
chromosomes, which, having accomplished the purpose for which they conjugated, show 
again a repulsion for each other. The growth period is the inducer of the equation di- 
vision, the mutual repulsion of chromosomes of different parentage the inducer of the 
reduction division. The chromosomes in the late anaphases, after the maturation divis- 
ions, become vesicular and so show a great degree of mutual independence, because the 
reduction division had severed their linin connections. 


Tn conclusion, it would be very interesting to enter into the question of the parallel- 
ism of the germinal cycle in MJetazoa and Protozoa, as has been done by Henking and 
Moore (1895). | However, it would be well first to have ascertained the significance in 
the cycle of the Metazoa, ag far as that can be done without reference to the states in the 


Protozoa. The chromosomes are the cell components on which the problem can be best 
studied. 
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EXPLANATION OF THE PLATES. 


All figures have been drawn with the camera lucida af the level of the base of the microscope, with the homo- 
geneous immersion objective ~; of Zeiss and ocular 4, tube length 180 mm. In the majority only the chromatin 
nucleoli, chromosomes and true nucleoli together with the outline of the nucleus or cell body bas been drawn ; and 
in the majority of figures representing lateral views of monaster stages, the mantle fibres, connective fibres, and 
centrosomes are the only structures shown beside the chromatin elements. For Huchistus variolarius, however, the 
various structures are represented in detail, and this is also the case with some of the figures of various other species. 

The following abbreviations have been employed (for others not here mentioned the descriptive text must be 


referred to): 
C’. Mb., cell membrane. 


V., true nucleolus (plasmosome ). 
VY. 2, chromatin nucleolus (modified chromosome). 
NV. Mb., nuclear membrane. 


Plate I. 


Huchistus variolarius, Figs. 1-19 


Fig. 1. Nucleus of spermatogonium, rest stage, 
Figs. 2, 3. Pole views of spermatogonic monasters. 
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Figs. 4,5. Lateral views of synapsis stages, only a few of the chromatin elements shown. 


Fig. 6. Nucleus, synapsis, showing two whole bivalent chromosomes. 
Fig. 7. One whole bivalent chromosome, end of the synapsis stage. 
Figs. 8,9. Postsynapsis stages, in each three whole bivalent chromosomes shown. 


Fig, 10. 
Fig. 11. 
Fig, 12. 


Telophase of the spermatocyte, showing two whole bivalent chromosomes. 
Late telophase, showing eight bivalent chromosomes. 
Rest stage of spermatocyte. 


Figs. 13, 14. Early prophases of first maturation division, each figure showing two whole bivalent chromosomes. 


Fig. 15. 


Two whole bivalent chromosomes, a little later stage than the preceding, showing their linin connections. 


Figs, 16, 17. Later prophases, only in Fig. 16 are all bivalent chromatin elements shown ; in Fig. 17 the centrosome 


Fig. 18. 
Fig. 19. 


Fig. 20. 


pairs on the surface of the nucleus. 
Lateral view of the monaster of the first maturation mitosis, all chromatin elements shown. 


Pole view of the same stage. 
Huchistus tristignus, Figs. 20-26, 


Pole view of spermatogonic monaster. 


Figs. 21, 22. Nuclei of first spermatocytes, rest stage. 
Figs. 23, 24. Pole views of monaster, first maturation division. 


Fig. 20. 
Fig. 26. 
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Fig. 38. 
Fig. 39. 
Fig. 40. 
Fig. 41. 


Lateral view of spindle, first maturation division (showing all chromatin elements). 
Second spermatocyte, chromatin elements not definitely arranged in the equator of the spindle. 


Podisus spinosus, Figs. 27-29. 


Pole view of spermatogonic monaster. 
Telophase of first spermatocyte, nucleus. 
Pole view of monaster, first maturation mitosis. 


Mormidea tugens, Figs. 30-33. 


Nucleus of spermatogonium, commencement of prophase. 

Pole view of spermatogonic monaster. 
Nucleus, postsynapsis stage. 

Pole view of monaster, first maturation mitosis. 


Peribalus limbolaris, Figs. 34-37. 


Spermatogonic nucleus, rest stage. 

Pole view of spermatogonic monaster. ps 
Nucleus of first spermatocyte, rest stage. 

Pole view of monaster, first maturation mitosis. 


Cosmopepla carnifex, Figs. 38-41. 


Pole view of spermatogonic monaster. 
Nucleus of first spermatocyte, rest stage. 
Lateral view of the spindle, first maturation mitosis, showing all chromatin elements. 
Pole view of the same stage. 
Nezara hilaris, Figs. 42-45. ‘ 


Figs. 42, 48. Spermatogonic nuclei, commencement of prophase. 


Fig. 44, 
Fig. 45. 


Pole view of spermatogonic monaster, 
Nucleus of first spermatocyte, early telaphase. 
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Brochymena sp., Figs. 46-49. 


Fig. 46. Spermatogonic nucleus, rest stage. 


Fig. 47. Pole view of spermatogonic monaster. 


Plate I. 
Brochymena sp., Figs. 48, 49. 


Fie. 48. Nucleus of first spermatocyte, telaphase. 
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Fig. 49. Pole view of monaster, first maturation mitosis. 


Perillus confluens, Figs. 50-53. 


Fig. 50. Spermatogonic nucleus, rest stage. 

Fig 51. Spermatogonic monaster, pole view. 

Fig. 52. Nucleus of first spermatocyte, rest stage. 

Fig. 53. Pole view of monaster, first maturation mitosis. 


Cenus delius, Figs. 54-63. 


Fig. 54 Spermatogonic nucleus, rest stage. 

Fig. 55. Spermatogonic monaster, pole view. 

Figs. 57, 58. Nuclei of first spermatocytes, rest stage. 

Figs. 59, 60. Pole views of monasters, first maturation mitosis. 

Fig. 61. Lateral view of the same stage, showing all the chromatin elements. 
Fig. 62. Pole view of monaster, first maturation mitosis. 

Fig. 63. Nucleus of first spermatocyte, rest stage, 


Trichopepla semivittata, Figs. 64-69. 


Fig. 64. Spermatogonic nucleus, rest stage. 

Fig. 65. Spermatogonic monaster, pole view. 

Fig. 66. Nucleus of first spermatocyte, synapsis. 

Fig. 67. Nucleus of first spermatocyte, rest stage. 

Fig. 68. Pole view of monaster, first maturation mitosis. 
Fig. 69. Lateral view of slightly earlier stage, showing all the chromatin elements. 


Hurygaster alternatus, Figs. 70, 71. 


Fig. 70. Nucleus of first spermatocyte, rest stage. 
Fig. 71. Pole view of monaster, first maturation mitosis. 


Anasa tristis, Figs. 72-76, 


Figs. 72, 73. Spermatogonic nuclei, rest stage. 

Fig. 74. Spermatogonic monaster, pole view. 

Fig. 75. Nucleus of first spermatocyte, telaphase c 
Fig. 76. Pole view of monaster, first maturation mitosis. 


Anasa armigera, Figs. 77, 78. 


Fig. 77. Spermatogonic monaster, pole view. 
Fig. 78. Polé view of the spindle of the first maturation division, the chromatin elements not yet definitely ar 
ranged in the plane of the equator. * 
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Avasa sp., Figs. 79-88. 


Fig. 79. Spermatogonic nucleus, rest stage. 

Fig. 80. Spermatogonic monaster, pole view. 

Fig. 81. Nucleus of first spermatocyte, rest stage. 

Fig. 82. Pole view of monaster, first maturation division. 

Fig. 838. Lateral view of four bivalent chromosomes, monaster stage of first maturation mitosis, the poles of the 
spindle outside of the plane of the section. 


Metapodius terminalis, Figs. 84-87. 


Fig. 84. Spermatogonic nucleus, rest stage. 

Fig. 85. Spermatogonic monaster, pole view. 

Fig. 86. Nucleus of first spermatocyte, telaphase. 

Fig. 87. Pole view of monaster, first maturation mitgsis. 


Chariesterus antennalor, Pigs. 88-90. 


Fig. 88. Nucleus of first spermatocyte, telaphase. 


Fig. 89. Lateral view of monaster stage of the first maturation mitosis, showing all the chromatin elements. 
Fig. 90. Pole view of the same stage. 


Alydus pilosulus, Pigs. 91-95. | 


Fig. 91. Spermatogonic-nucleus, rest stage. 

Fig. 92. Spermatogonic monaster, pole view. 

Figs. 93, 94. Nuclei of first spermatocytes, rest stage. 
Fig. 95. Pole view of monaster, first maturation mitosis. 


Plate II. 
Alydus eurinus, Figs. 96-102. 


Fig. 96. Spermatogonic monaster, pole view. 

Fig. 97. Nucleus of first spermatocyte, telaphase. 

Fig. 98. Pole view of monaster, first maturation mitosis. 

Fig. 99. Lateral.view of the same stage. 

Fig. 100. Pole view of monaster, second maturation mitosis. 
Figs. 101, 102. Spermatids at close of second maturation mitosis. 


Corizus lateralis, Figs. 103-106. 


Fig. 103. Nucleus of first spermatocyte, telaphase. 

Figs. 104, 105. Pole views of monasters, first maturation mitosis. 

Fig. 106. Oblique view of the spindle of the first maturation mitosis, before the chromosomes have taken their 
definite position in the equator. 


Harmostes refleculus, Pigs. 107-117. 


Fig. 107. Spermatogonic nucleus, rest stage. 
Figs. 108-110. Spermatogonic monasters, pole views. 
Fig. 111. Nucleus of first spermatocyte, rest stage. 


Fig. 112. Pole view of monaster, first maturation mitosis. 
Fig. 113. Lateral view of the same stage, showing all the chromatin elements, 
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Figs. 114, 115. Pole views of monasters, first maturation mitosis. © 

Fig. 116. Lateral view of the same stage, showing all the chromatin elements. 

Fig. 117. Pole view of spermatid at the close of the second maturation division. 


Protenor belfragei, Figs. 118-141. 


Fig. 118. Spermatogonic nucleus, early prophase. 

Figs. 119-123. Spermatogonic monasters, pole views. 

Fig. 124. Nucleus of first spermatocyte, synapsis. 

Figs. 125-128. Lateral views of the large chromosome 2, from nuclei in the late synapsis stage. 

Figs. 129, 130. Nuclei of first spermatocytes, telaphase. 

Figs. 131-184. Nuclei of first spermatocytes in successive prophases. 

Figs. 185, 186. Lateral views of successive monaster stages, first maturation mitosis, all the chromatin clements 
shown in Fig. 135. 

Fig. 187. Pole view of the stage of Fig. 136. 

Fig. 1388. Lateral view of the anaphase, first maturation mitosis. 

Fig. 189. Pole view of second spermatocyte, chromosomes not definitely arranged in the equator of the spindle. 

Fig. 140. Lateral view of anaphase, second maturation mitosis. 

Fig. 141, Still later anaphase. 


Plate IV. 


Cymus augustatus, Figs. 142-144. 


Fig. 142. Lateral view of monaster, first maturation mitosis. 

Fig. 148. Pole view of one daughter cell (second spermatocyte) of the dyaster stage of the first maturation mitosis, 
the univalent chromatin elements seen laterally. 

Fig. 144. Pole view of one chromosome plate, metakinesis of first maturation mitosis, chromatin elements seen on 


end view, except the one marked a. 
Ichnodemus falicus, Bigs. 146-148. 


Fig. 145. Spermatogonic monaster, pole view. 
Fig. 146. Nucleus of first spermatocyte, late prophase, showing all the chromatin elements. 
Figs 147, 148. Pole views of monasters, first maturation mitosis, in Fig. 148 two of the chromosomes viewed 
laterally. 
Peliopelta abbreviata, Figs. 149-151. 


Fig. 149. Spermatogonic monaster, pole view. 
Fig. 150. Pole view of monaster, first maturation mitosis. 
Fig. 151. Lateral view of same stage, two of the large chromosomes not shown. 


Qdancala dorsalis, Figs. 152-158. 


Fig. 152. Spermatogonic nucleus, rest stage. 

Figs. 158, 154. Spermatogonic monasters, pole views. 

Fig. 155. Nucleus of first spermatocyte, rest stage. 

Fig. 156. Pole view of monaster, first maturation mitosis. 

Fig. 107. Lateral view of the sume stage, three of the chromosomes not shown. 
Fig. 158. Lateral view of the anaphase, first maturation mitosis 


Oncopeltus fusciatus, Figs. 159-171. 


Fig. 159. Spermatogonic nucleus, early prophase. 
Fig. 160. Spermatogonic monaster, pole view. 
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Figs. 161-165. Nuclei of first spermatocytes, rest stage. 

Fig. 166. Nucleus of first spermatocyte, late prophase, showing all the chromatin clements. 

Figs. 167, 168. Pole views of monasters, first maturation mitosis. 

Fig. 169. Lateral view of same stage, five of the chromosomes not shown. 

Fig. 170. Lateral view of anaphase, first maturation mitosis. 

Fig. 171. Pole view of second spermatocyte, chromatin elements not definitely arranged in the equator of the 
spindle. 


Leptopterna dolabrata, Figs. 172-176. 


Figs. 172-175. Nuclei of first spermatocytes, growth period. 
Fig. 176. Pole view of monaster, second (?) maturation mitosis. 


Calocoris rapidus, Figs. 177-188. 


Fig. 177. Spermatogonic monaster, pole view. 

Figs. 178-180. Nuclei of first spermatocytes, telaphase. 

Fig. 181. Oblique lateral view of the spindle before the chromosomes are arranged in the plane of the equator, first 
maturation mitosis. 

Figs. 182-184. Oblique lateral views of monasters, first maturation mitosis. 

Figs. 185, 186. Pole views of the same stage. 

Figs. 187, 188. Pole views of monasters, second maturation mitosis. 


Pacilocapsus lineatus, Figs. 189, 190. 


Fig. 189. Nucleus of first spermatocyte, early telaphase. 
Fig. 190. Pole view of monaster, first maturation mitosis. 


Plate V. 


Pecilocapsus goniphorus, Figs. 191-198. 


Figs. 191-195. Nuclei of.first spermatocytes, rest stage. 
Figs. 196, 197. Pole views of monasters, first maturation mitosis. 
Fig. 198. Lateral view of the same stage. 


Phymata sp., Figs. 199-203. 


Fig. 199. Spermatogonic nucleus, rest stage. 

Fig. 200. Spermatogonic monaster, pole view. 

Fig. 201. Nucleus of first spermatocyte, telaphase. 

Fig. 202. Pole view of monaster, first maturation mitosis. 
3. Lateral view of same stage. 


Coriscus ferus, Figs. 204-206. 
Figs. 204, 205. Nuclei of first spermatocytes, telaphase and rest stages respectively. 
Fig. 206. Pole view of first spermatocyte, the chromosomes not definitely arranged in the plane of the equator of the 


spindle. 


Acholla multispinosa, Pigs. 207-211. 


Fig. 207.° Spermatogonic monaster, pole view. 

Figs. 208, 209. Nuclei of first spermatocytes, early prophase. 
Fig. 210. Pole view of monaster, first maturation mitosis. 
Fig. 211. Pole view of monaster, second maturation mitosis. 
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Sinea diadema, Figs. 212-218. 


Figs. 212, 218. Nuclei of first spermatocytes, telaphase. 

Figs. 214, 215. Pole views of monasters, first maturation mitosis. 

Fig. 216. Lateral view of the plurivalent chromosome of the first maturation mitosis, showing the mantle fibre 
attachments. 

Figs. 217, 218. Lateral views of successive anaphases, first maturation mitosis. 


Limnobates lineata. 


Fig. 219. Nucleus of first spermatocyte, rest stage. 


Prionidus cristatus, Figs. 220-225. 


. 220-222. Spermatogonic nuclei, rest stage. 
gs. 228, 224. Spermatogonic monasters, pole views. 
Fig. 225. Nucleus of first spermatocyte, rest stage. 


Milyas cinetus, Figs. 226-228. 


Figs. 226-228. Nuclei of first spermatocytes, rest stage. 


Hygotrechus sp., Figs. 229-281. 
Fig. 229. Spermatogonic monaster, pole view. 
Fig. 230. Nucleus of first spermatocyte, synapsis stage. 
Fig. 231. Pole view of monaster, first maturation mitosis. 


Limnotrechus marginatus, Figs. 232, 283. 


Fig. 232. Nucleus of first spermatocyte, rest stage. 
Fig. 238. Pole view of monaster, first maturation mitosis, 


Pelocoris fomorata. 


Fig. 234. Spermatogonic monaster, pole view. 


Zaitha sp., Figs. 235-288. 
Fig. 235. Spermatogonic nucleus, rest stage. 
Figs. 236, 237. Spermatogonic monasters, pole views. 
Fig. 238. Pole view of monaster, first maturation mitosis. 


Plate IV. 
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Plate VII. 
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ARTICLE V. 


FOSSIL MAMMALIA OF THE WHITE RIVER BEDS OF MONTANA. 


BY EARL DOUGLASS. 


(Read May 38, 1901.) 


Since writing my paper on the Tertiary deposits. of western Montana (1899)* further 
explorations have been made and many valuable fossils secured. Part of these fossils 
have been studied under more favorable circumstances, so that interesting additions can 
now be made to our knowledge of these beds. ; 

In June, 1899, Prof. F. D. Smith, of the University of Montana, and myself started 
eastward from Missoula with team and camping outfit, he to collect geological specimens 
for the University and I to make further explorations in the Tertiary deposits, and to add, 
if possible, to my collection of fossil mammals. Nearly all of my previous collecting had 
been done east of the main divide or watershed of the Rocky Mountains. I had found 
that Tertiary deposits occurred in the valleys of Flint and Deer Lodge creeks, and it was 
hoped that enough fossils might be obtained to determine the horizons of these beds and 
their relation to those east of the divide. 

In the valley of Flint creek, south of Drummond, near the village of New Chicago, 
the upper deposits were found to contain, in a limited area, quite an abundance of valu- 
able Loup Fork fossils. The exact relation of these beds to those of other localities is 
still a matter of doubt. The strata and the occurrence of the fossils are almost exactly 
as in the upper Deep River beds. This is not true of any other deposits I have seen. 
The bones, as a rule, are in nodules in cream-colored clays. The species seem to be mostly 
new, but have not been thoroughly studied. Some of the most interesting specimens are 
a strange animal which had a proboscis and was related to Merycocherus, a hog-like 
animal, the first found in America, and a skull of the so-called Blastomeryz, of the B. 
borealis type, with a mandible, proving that it is Palwomeryx. \ Nearly all parts of the 
skeleton of Palwomeryx were found. The Merycochewrus-like animal I have described 


* See list of works on page 279. 
AW PS. V Ol. XOX. HE. 


238 DOUGLASS—FOSSIL MAMMALIA 


under the name of Merycochwrus laticeps (1900); but since seeing the skulls of this 
genus in the American Museum of Natural History, I am inclined to think it will have 
io be given a new generic name. Both of these are vastly different from the John Day 
forms, Promerycochvrus, that have been put in this genus. 

The beds underlying these look like some of the Oligocene east of the main divide. 
They are light colored. There are layers of limestone containing fresh-water snails. In 
one place there were thinly laminated shales with a few fish remains. 

A few miles to the northeast, on the north side of the Hell Gate river, in gray sandy 
bluffs, the skulls of a dog much like Temnocyon, a Leptomeryx, and an Oreodont were 
discovered. These beds may be John Day. 

Before going to a new field Prof. Smith was called away and Mr. Homer McDonald, 
a student of the University, accompanied me during the remainder of the time. After 
obtaining a few remains of a large rhinoceros, a large camel, and some poorly preserved 
mastodon teeth from the later Tertiary in the Deer Lodge valley, we crossed the divide 
southwest of Butte. — 

Near Whitehall, at two localities on Pipestone creek, one near Pipestone Springs and 
one on a branch called the Little Pipestone, were limited exposures where many small 
bones, teeth, and fragments of jaws were found. These were associated with distinguish- 
able Titanotheriwm remains which were not of the largest species. 

After making a valuable collection here we moved eastward, examining the Tertiary 
deposits on the North Boulder and obtaining jaws and teeth of a Protohippus. 

Northwest of Three Forks are gray beds composed of fine material containing lime 
and looking much like the beds on Pipestone creek. There are also layers of hard lime- 
stone which break into angular fragments. Here there were a good many Titanothervum 
remains. We obtained large parts of two skeletons and other bones. Some interesting 
little Oreodonts, including a little Agriocherus, were obtained, See of which will 
be found in this paper. 

Last spring (June, 1900) I again started from Missoula, going up the Big Blackfoot — 
river, hoping to find Tertiary deposits on this river or on Nevada creek, one of its prin- 
cipal branches. The country around Ovando is covered with glacial drift, but on the 
‘road from co pie to Sean near wee it crosses elu Big Ba pot, the drift 


OF THE WHITE RIVER BEDS OF MONTANA. 239 


Avon some bone fragments were found, which confirmed the belief that these beds are 
Oligocene. 

After crossing a basaltic lava flow south of Avon the Tertiary beds appear again, but 
the fossils obtained here, as previously stated, are of later date, being either Miocene or 
Pliocene. Continuing my course southward I found that south of Silver Bow, as had 
been mistrusted, the lake bed deposits were continuous across the main divide. It is evi- 
dent that previous to Miocene times a river had carved out a broad valley across what is ° 
now the watershed that divides the waters of the Atlantic from those of the Pacific ; so 
the divide then occupied a different position from what it does now. In Tertiary times, 
probably by the formation of a great lake, this valley was partly filled with sediment, 
and after the drying up of the lake the drainage was changed. It is very probable that 
at some time during the Tertiary a lake extended from the northern part of the Deer 
Lodge valley southward to the Big Hole, eastward to the Jefferson, then northeastward 
to the Missouri river and down the Missouri to the region of Helena, a distance of 180 
miles. ‘There is no. barrier and it is evident that there was none, and the Tertiary 
deposits can be traced the greater portion of the way. This, of course, may have happened 
more than once. A little south of the divide, on Divide creek, part of the skull and 
skeleton of a small horse was obtained. 

There are only three regions from which fossils have been secured sufficiently 
abundant and characteristic, so that it can be positively stated now that the strata are 
White River; but there are other regions that are only a little doubtful. I believe that 
the White River, like the Loup Fork, occurs in all the principal valleys of southwestern 
Montana. 

There is some doubt concerning the John Day. The lower Deep River beds near 
White Sulphur Springs appear to belong to that age (Scott, 1893), and some fossils in 
my collection, especially those obtained east of Drummond, appear to be more like John 
Day than White River, but there are not enough to settle the question. 

The three regions that are certainly White River are: (1) on Pipestone 
creek, (2) on Thompson creek northwest of Three Forks, and (3) northeast of Toston 
near Cottonwood creek. Those on Blacktail Deer creek are probably White River. For 
convenience, until the strata in the different localities are satisfactorily correlated, I will 
give them local names. 


Wuitst RIveR OLIGOCENE. 


Pipestone Beds. 


These are on Pipestone creek at two localities, one-on the Big Pipestone near Pipestone 
Springs and the other on a branch, the Little Pipestone. The first is north of west and 
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EXPLANATION OF Map. 


The map shows only approximately the Tertiary areas, as their limits have not been mapped or accurately 
defined. I have personally observed the Tertiary deposits in all the regions in which they are indicated, except in 
the small areas in the Yellowstone valley. 

Where there is doubt as to the subdivisions the general term Tertiary has been used. By Oligocene, White 
River or John Day is meant. In the small spot marked Eocene (?), near Lima, fossils were found, but they appear 
so contradictory that it was thought best not to publish descriptions of the fossils until the beds were 
reéxamined and a solution of the problem found. 

Places marked W ? L? etc., indicate that the beds are doubtfully White River, Loup Fork, etc. 
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the second south of west of Whitehall, in Jefferson county. The strata containing the 
bones are a sandy clay that swells and cracks on weathering and crackles under the feet 
when dry, and a light-gray fine-grained homogeneous material. Under the microscope 
the latter shows many angular, glassy fragments, which are undoubtedly volcanic dust. 
The fossils have not all been determined. Most of them are new. The following is a 


partial list : 


Ictops acutidens, sp. nov. Palewolagus turgidus (?) Cope. 
Humys minor, sp. noy. Hycenodon minutus, sp. noy. 
Cylindrodon fontis, gen. et sp. nov. Agriocherus maximus, sp. nov. 
Sciurus jefferson, Sp. Nov. Mesohippus bairdi (?). 
Ischyromis typus Leidy. | Leptocherus. 

Paleolagus temnodon, sp. noy. Leptomerys. 


Paleolagus triplex (?) Cope. Hyracodon. 
7 Thompson Creek Beds. 


These are well exposed on a creek draining a small region northwest of Three Forks. 
The stream is small and nearly dry in summer, and I do not know that it is named on 
any map, but I have called it Thompson creek from the only man who lives near it. 
If they were called Three Forks beds they would be confused with the Three Forks for- 
mation which is Devonian. In these beds are the cracking clays above mentioned as 
occurring on Pipestone creek, also light colored material resembling that occurring at 
that place but containing lime. There are layers of limestone and strata of hard sand- 
stone. 

Most of the fossils were found on the north branch of Thompson creek near the 
road to Boulder. Farther to the southwest are large quantities of fossil wood, but 
only occasional bone fragments. The most abundant vertebrate remains are bones of 
Titanotheres. These have not been studied, but they do not belong to the largest species. 


Last of Fossils. 


Limnenetes platyceps, gen. et sp. nov. Mesohippus. 
Limnenetes (?) anceps, sp. nov. Colodon. 
Agriocherus minimus, sp. nov. Titanothervum. 


Toston Beds. 


These are exposed northeast of Toston, which is a small railroad station on the Mis- 
souri river below Three Forks and above Townsend. They are about twenty-five miles 
north and east of the Thompson Creek beds. While the last named deposits apparently 
belong to the lower White River or Titanotherium horizon, part, at least, of these seem to 


OF THE WHITE RIVER BEDS OF MONTANA. 248 


more nearly correspond to the Oreodon division. Among the fossils are three very good 
skulls of Oreodonts. One I have referred to the genus Hucrotaphus, one is a new species 
of Oreodon and one is much like O. culbertsoni. A good portion of the skeleton of the 
latter was found, but there has not been time to clean it and make careful comparisons. 
It is probable that it will have to be referred to a new species. 

These and other Oreodont remains were in the cracking, sandy clays which contain 
nodular layers. A Zitanotherium tooth was found in the same kind of clay but perhaps 
a trifle lower down. Colodon and Hywnodon teeth and jaws were obtained, but I cannot 
state with certainty their relation to the beds above mentioned. ‘The strata here are con- 
siderably disturbed, and in some places dip to the eastward as much as 30° to 40°. In 
the ardent work of collecting I had not the time to study the geology of the region as 
much as I hope to do later. Lying unconformably on these deposits in places are nearly 
horizontal strata of later date, either Miocene or Pliocene. 


Last of Fossils. 


Hycenodon montanus, sp. noy. Colodon, sp. 
Oreodon robustum, sp. nov. Mesohippus. 
EKucrotaphus helene, sp. nov. Titanotherium. 
Colodon cingulatus, sp. nov. — Coenopus (?). 


The Blacktul Deer Creek Beds. 


These are on Blacktail Deer creek, about thirty miles south and east of Dillon. The 
exposure is small and only a few fossils were found. The material, as in the localities 
previously mentioned, is mostly light colored and fine grained, yet there are thin strata of 
sandstone. None of the fossils positively determine the horizon. There was the new 
genus Arretotherium, part of the back of a skull of Cenopus about the size of Aceratheriwm 
tridactylum Osborn, and part of a mandible of Steneofiber hesperus sp. noy. which is 
described in this paper. 

Last of Fossils. 


Steneofiber hesperus, sp. noy. Arretotherium acridens, gen. et sp. Noy. 
Ceenopus (?). 

The skull of Steneofiber complexus, described in this paper, came from the beds on the 
west side of the Madison river above Three Forks (Douglass, 1899, p. 4). The locality is 
about fifteen miles south of where the fossils occur in the Thompson Creek beds. Near 
the same place were a femur, tibia, fibula and calcaneum of a rather long-limbed Perisso- 
dactyl, probably a rhinoceros, but the deposits here contain very few fossils. 

There are turtle remains in all the beds above described. 
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Besides the above there are at least three localities where fragments of fossils that are 
almost certainly White River have been collected. They are north of Avon in Deer 
Lodge county, at Glendale in Beaverhead county, and west of Puller Springs near the 
Ruby river in Madison county. 

In Montana vertebrate fossils of the Tertiary have not been found in anything like 
abundance except at two or three restricted localities, and these long distances apart, 
though afew have been found in as many as twenty different places. In the White 
River they were the most numerous on Pipestone creek, but they are mostly isolated 
teeth, jaws and other bones of small animals. Certain strata are quite rich in fossils, 
but on account of their dip and their being, as a rule, covered with vegetation or débris, 
they are exposed for only short distances. It is curious, though, that in all the beds in 
which collecting has been done surprisingly few duplicates have been obtained, and few 
of the things have been found anywhere else. The White River collection, as it has been 
studied and compared with those of other regions, has caused continual surprise on account 
of its great difference from them. The explanation seems to lie partly in the fact that in 
Montana we have quite a rich fauna from a horizon nearly or quite corresponding to 
the lower White River or Titanotherium beds of South Dakota, where few fossils except 
Titanotheres have been found. Though the fossils were scattered over a large area 
(about 150 by 170 miles) and were not especially abundant, yet during the six years 
that I spent in Montana a good-sized collection was secured. 

Most of my time while in the field has been employed in the search for fossils, and I 
have never seen the corresponding Tertiary formations in other regions, yet I have made 
some observations that may be interesting. W. D. Matthews’ paper, “Is the White ; 
River Tertiary an Aolian Deposit?” (Amer. Nat., May, 1899), has added new interest 
to the study of these so-called lake bed deposits. There certainly is much mystery con- 
cerning their origin and the way in which the animal remains became fossilized. The 
fossils from Montana are different in appearance and are enclosed in a different matrix 
from those that are found in South Dakota. As has been said of the former (referring 
to color, etc.), ‘‘ They do not look like White River fossils.” 

Most of the material in the beds that are undoubtedly White River is light colored, 
fine grained, and soft, though there are some layers of coarser and harder material. 
The same is true of the beds that, from their lithological characters and imperfect fossils, 
have been supposed to belong to the same horizon. The nearness or distance of the shore 
or the mountains and the character of the contiguous rocks seem to haye little influence 
on the character or composition of the sediments. 

I have made microscopic examination of samples from the several fossil-bearing beds, 
and all contain minute fragments undistinguishable from the glass fragments from the 
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beds of pure volcanic dust in the Loup Fork of Montana. It is very likely that the 
greater part of the deposits are a mixture of clay, fine sand and volcanic dust, with an 
abundance of calcareous matter in some places. Often, as previously stated, there are 
strata of limestone. In many places this limestone contains an abundance of fresh-water 
shells. These have not yet been specifically determined. Sometimes for a considerable 
thickness there is no distinct stratification, and in other places there are thin layers 
and distinct lamination. Near New Chicago, in thinly laminated shales, a few fish 
remains were found, and a little distance away, in a harder layer, fragments of bone, 
including part of a metapodial of an Oreodont associated with snails. 

If the beds that do not contain fossil mammals, but have the same appearance as 
those that do contain them, are of the same age as the latter, there was a large area of 
deposition in Montana. 

There has been considerable disturbance since the deposition of the White River 
beds, for in some places the strata dip at a high angle. I have not seen any distinct 
shore markings except in the vicinity of Missoula, where there was undoubtedly a lake 
in Pleistocene times. 

The work on this paper has been done in the Museum of Princeton University, to 
which the greater part of my-collection: has been removed for study. It is due to the 
broad-minded interest of Prof. W. B. Scott that I have been enabled to do the work under 
such favorable circumstances, and his intelligent criticism has been of the greatest value 
tome. Dr. Marcus §. Farr, the Curator of Vertebrate Paleontology, has given me free 
access to the Museum and helped me in every possible way. The drawings of fossils 
were made by Mr. F. Von Iterson. The map was drawn by myself. 

All the specimens described in the paper were found in Montana by myself and they 
are now in my collection, to which the numbers in the text refer. 

Princeton Museum, May 2, 1901. 


DESCRIPTIONS OF SPECIES. 


Ictops acutidens, sp. nov. 


The type, No. 86 of my collection, consists of portions of a skull, mandible and 
other bones with a nearly complete femur, astragalus, calcaneum and one lumbar vertebra. 
It was a young individual. The epiphyses are free and the last lower premolar erupting. 
I do not know whether the last two upper premolars are permanent or temporary, but 
will describe them as they are. . 

If full grown the animal was smaller than /. dakotensis* and differs from it in severa] 


* Compared with specimen in the American Museum of Natural History. 


A. P. 8.>—VOL. XX. FE, 
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respects. P3is much larger and more complex, but it may be a temporary tooth. Thereare — 
quite prominent antero-external cusps on the last two premolars and the first two molars. 

Superior Dentition.—P® has four sharp cusps, three of which—the protostyle, pro- 
tocone and tritocone—-are in an antero-posterior line. The protocone is the largest and is 
high and pointed. ‘The tritocone is larger than the protostyle. ‘The deuterocone is oppo- 
site the interval between the protocone and tritocone. This tooth is the longest of those 
that are preserved in the upper jaw. 

P4, like the molars, is wider than long. It has four primary cusps—the protocone, 
tritocone, deuterocone and tetartocone—and three secondary ones—a protostyle and an 
anterior and a posterior median conule. The protocone and tritocone are high and 
pointed, the first being slightly the higher. The tetartocone is prominent but not high. 
The protostyle forms a small but distinct antero-external cusp. The protoconule and 
metaconule are plainly distinguishable (with a lens) on the protoloph and metaloph. 

M+ is almost like P4 except that it is wider and the protoconule is merged into the 
protoloph which passes from the protocone to the parastyle. The metaconule is distin- 
guishable. There is a small metastyle. M2 is wider than M? but not so long. There . 
is only a trace of a metastyle. M® is small. The anterior elements are well developed, 


but the hypocone and metacone are much reduced. 

Inferior Dentition—The only premolar that is preserved is just erupting and is 
somewhat injured. 

In all the molars the anterior cusps are much higher than the posterior ones. The 
protoconid and metaconid are connate at the base and the paraconid appears as a small 
anterior median cusp. The protoconid and metaconid are of a nearly equal height. In 
the heel or talonid the hypoconid is somewhat larger—has a greater antero-posterior 
diameter than the entoconid. The hypoconulid is median and small. The other molars 
are formed in the same pattern, but they decrease slightly in size posteriorly. 

The infraorbital foramen opens aboye M1, is narrow transversely and opens diagon- 
ally upward. Itisin a longitudinal concavity which extends backward a short distance 
on the anterior part of the zygomatic arch. The posterior part of the foramen is only a- can 
little in advance of the anterior of the orbit. At the anterior upper sor of oan i 
is a quite large protuberance, 

The horizontal ramus of the mandible is narrow 
downward and backward, the posterior angle being s. 
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the anterior ridge prominent. On the inside of the mandible a convexity runs forward, 
dying out in a narrow ridge on the alveolar border under M3. 

The great trochanter of the femur is not high. The lesser one is prominent pos- 
terior to and a little below the head. The third trochanter is small. The middle part of 
the shaft is nearly circular in section. 


Measurements. 
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Steneofiber hesperus, sp. noy. 


Part of the left horizontal ramus of a mandible (No. 41) containing all the teeth. The 
tip of the incisor is gone. The specimen was found in a light colored sandy clay near 
Blacktail Deer creek, about thirty miles above Dillon in Beaverhead county. It was near 
the top of an exposure in which, a considerable distance below, were the remains of 
Arretotherium, to be described later, and part of the skull of a quite large rhinoceros. 
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The mandible is somewhat smaller than that of S. pansus of the Loup Fork of New 
Mexico. It is less robust, not being so deep or thick. The masseteric area does not extend 
so far forward. There is some difference in the enamel pattern of the teeth, but just how 
much is due to wear I cannot say. That of the premolar in the present species 1s more 
complex, being crenulate or minutely folded on the inner lakes and inflections. This 
tooth is smaller especially at the top, but much wear would bring this surface nearer to 
the area of that of S. pansus. The two anterior molars are broader and longer. The 
teeth do not appear so high from the outside, but are higher above the alveolar border on 
the inside. The outer enamel inflections do not extend so far down on the outside of the 
teeth, are more open and incline more forward and the outer lobes are more angulate. 
There are small extra enamel islets cn M; and M,. There is no sharp antero-internal 
angle on the premolar. These comparisons are made with No. 10575 of the Princeton 
collection labeled Castor pansus, Camp creek, Oregon, which evidently does not differ 
at all from Cope’s type from New Mexico (1877, p. 297, Pl. LXIX, Figs. 4 and 5). 

In none of the teeth are the principal inner and outer enamel inflections converted 
into lakes. 

At its preserved stage of wear the grinding surface of Pz has three divisions, an 
anterior outer, an anterior inner and a posterior. The anterior outer division is three- 
lobed, or is a crescent with a long limb extending inward and somewhat backward from 
near the posterior horn. The anterior horn is at the antero-external angle of the tooth. 
From this the crescent sweeps backward and inward, the outer border forming the outer 
margin of this part of the premolar. The inner limb extends transversely inward to the 
inner border. The anterior inner crescent of the tooth begins near the anterior border of 
the preceding one, the outer margin forming the anterior and anterior inner border of the 
tooth. On the posterior part of this crescent near the antero-external horn is a rounded 
lobe. Much wear would make the two anterior crescents confluent. The posterior part 
of the tooth is a transverse, pointed oval with the smaller end outward and slightly 
deflected forward. Its enamel lake has nearly the same form but with sinuous margin 
Much wear would perhaps make the enamel pattern nearer like that of S. pansus. 

The enamel folds and lakes are inclined to be more curved and the enamel borders 
more sinuous than in 8. pansus. There is an extra islet in the two anterior molars. In 
M; it is posterior to the anterior lake and in M, it is anterior. 

The anterior surface of the incisors is more convex than in the beaver, Castor cana- 
densis, and the antero-posterior diameter is proportionally greater. 


Measurements. 


Length of molar-premolar series ................0. sw 0 § bn niga ato eacotagtoaigter sol eee eee 017 
Length of Pz at base 
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M. 
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Steneofiber complexus, sp. nov. 


The type of this species is part of a skull and mandible with complete dentition (No. 
42). It was found in a gray sandy layer in a ravine cutting through high bluffs of sup- 
posed White River age on the west side of the Madison river, in the Lower Madison 
valley, about nine or ten miles south of Three Forks. As this specimen and some limb 
bones of a rhinoceros-like animal are the only fossils of importance obtained here, and 
as the exact relations with the lower White River fossil-bearing beds northwest of Three 
Forks, about fourteen miles distant, have not been made out, it is impossible to say to just 
what horizon these beds belong. 

This is a young individual. Only one premolar—the right upper one—has been shed. 


All of the molars are fully protruded and considerably worn. The upper permanent 
_ premolars are farther advanced than the lower, which evidently had only begun to grow. 


This species seems to be nearest like Cope’s S. (Castor) peninsulatus (1883, p. 840, 


Pl. LXITT, Figs. 18-21). The skull is damaged, yet some points of interest can be made 


out. ‘There is a marked difference in the mandibles of the two species. In the present 


one the masseteric area does not extend so far forward, the anterior margin of the coro- 


noid process rises opposite the back part of the third cheek tooth (My), and is nearer to 


the molars. This process has an entirely different form in the present species. It is 


high; the anterior border is straight and rises steeply. The angle is inflected inward 
and is rounded, not angulate anteriorly and posteriorly as in S. viciacensis (see Filhol, 
— 1891, led ga) ee ) 


* The Dentition.—The anterior ae of the lower i incisor is not so convex as in S. hes- 


Fae eis 


perus just Besenibeda ine pica sael Bae is not so acute but is rina: rounded. he 
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the lakes are nearly antero-posterior. In the lower teeth also the enamel of the lakes 
and inner enamel inflections is much lobed. 

I will defer a detailed description of these teeth for a paper which has been partly 
written, describing several new species of Mylagaulide and throwing considerable light 


on their development. 


Measurements, 
SKULL. 

M. 
From anterior of incisor to posterior Of M2 .....ceeees eee ee eee ee eee eee eee eee cee ee cress .0884 
From posterior of incisor to amterior Of P40 % 6<céietrelsw x acts so prree een aT eee ate ele ener ere .021 
Transverse diameter Of IMCISOT -<¢ c.-o.t cee ee = we eo nely mimo eel ioinliara el eteletglete atstal ot stelieteleteet=l-el- eter .0032 
Antero-posterior diameter Of INCISOT . sae acis cine o's ce aubuele cee ele SE eee eset eee eae .0088 
Length of Molar-premolar SELIES . . 2 .\cec wees = 6 «ele ce cee.) siele ola naie nets ha atest ett eee .01238 
Length of temporary P4........ 2 ee cece cece teen cece ree eee e reese este este tere ecnees .0033 
Width of temporary PS .6.c6 cece eee sein cie a tieeain wie'e «wie 10 wielere min tets elite eaters sietetetet ete eames .0088 
Length of M2 ...6.. 2. csin cee ce ec ete ete cbs 0 6 vine nese te nein ome ie = amniy ele ares aide ieergeie ee .0032 
Width Of M2. oc sc ce culos cisece ture Bein em cic o etelee clare ote ete mfenet sso] lets tO Ret ete eee eet fee nee -00385 
Length of M2... .o0s see cienceeeie o0be tne ono ose viens eins ee vee eed sfetstdiesoreia ania staal ¥eiarslrelnta tet .0082 
Width of M2 ck ccckcs atte clarcie smenig: adh sTolevecesn ozo re ew 4 viel water level tele ie een ee eee ee .0084 
Length of MS....... enn ea ne i ee aoa tony Sooo mn SOD RobYoC EOC OOL .0022 
Width Of MiSs 6 s.cc ssa sels 200s glee acme a Se wc ernie a acceso) greets ret Osha) lel ee tee ase Rete ete eee ec .0032 

LowErR JAW. 

Anterior tip of incisor to posterior Of, Migae ca vista eve eel siege ele, eetetelarels te lett leetetatet tate anette 0383 
Length of molar-premolar series ..--- 42.0 - 04.2 sens same so eee eos eats eee .0146 
Length Of Peg... s. caus eee se nee e's be 275 siaaieln ts creme ee ce ete ee 0038 
Width of Pap ieedecs cae ceusecntna rte wpe e alate © ae eco lh gig teeietetn Stata staat eee ee eee ee 003 
Length of My. .s:c 105 sevice Pee Gd 8alhs we me «ek ee mee We cries Sian eee 003 
Width of Megs. se csc ce veisccine ale 0 sisio 6iasassd Stele rial ws grote apenas ee .004. 
Length of Mog oo sie s.c o2ie cis a oitie Regn ole nen 'ty eye fia niet ete tot ater aa ele eee ed eee .0032 
Width Of Mey sos ccc csi sicss sate ace 05: winseraca Cees aeens a5 ele on Ua ee ae ae eee ee 004. 
BEANO ME socom on son Cocalo gis wen $4 aoe bw Dalley oleh he ole age aahe tne eects) = etek atte meee nee oe 0082 
Width Of Mog ess ois Seni ov steler aici og ata aintel ans tele nape te tate axe ae .0038 


Paleolagus Leidy. 


In the Pipestone beds quite a number of jaws and teeth of Palwolagus were found. 
They apparently belong to three species. One has the third column on the lower 
molars as in P. triplex. The three portions of mandibles preserved are somewhat smaller 
than the one described by Cope (1888, p. 881, Pl. LX VII, Fig. 28), and may belong 


to a different species. 


Several upper and lower jaws I cannot distinguish from P. turgidus. 


Paleolagus temnodon, sp. nov. 


There are three series of upper teeth (Nos. 48, 44 and 45) which differ in some 
respects from previously described species. ‘They vary somewhat in size. P®—the first 
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cheek tootn—has two anterior grooves instead of one. It lops backward, its upper pos- 
terior part resting against P*. On M2 of the largest one (No. 42) there is a rudiment of 
a posterior lobe. From Pipestone creek. 


Measurements. 
No, 48. No. 44. 
M. M, 
ene thotanolar-premolarsericsm tre iee tcc. ac lore cls Se aticlers te crane sie se oe 43.2 0123 0141 
eine ONE THAOI NS FEES secdciaw 0 aries O16 EDU pC IGE OIE OC ERTIES an aa ene 0051 0061 
VV rclitiln fag MI a rpepotnrey evict teletevetetel tay eihentastc(clelofole tie © 016 cie's,e sro siclilete sinvsisielalalaree ausleie » .0004 .0045 


Cylindrodon fontis, gen. et sp. nov. (Plate IX, Figs. 9, 9a.) 


Of this rodent I have two portions of right mandibular rami (Nos. 38 and 39). One 
has all the cheek teeth and the greater part anterior to the ascending ramus; the other 
has the three posterior teeth and part of the ascending ramus, but not the angle, coronoid 
process or condyle. They were obtained from the Pipestone beds, associated with Paleo- 
lagus, Ischyromis, etc. The Pipestone springs, near where the fossils were found, sug- 
gested the specific name. 

The diastema was short; the teeth are cylindrical with a central enamel islet and 
an outer enamel inflection.- The lower border of the ramus is convex fore-and-aft, and 
is shallow but thick under Mz. The anterior angle of the masseteric area extends for- 
ward to M; and is near the alveolar border. The anterior border of the ascending 
ramus rises opposite Mz and leaves a broad space between the two. The surface of the 
masseteric area is nearly flat, with a convexity considerably behind and above its ante- 
rior angle. On the inside, back of the teeth, from the horizontal ramus a large con- 
vexity passes backward, outward and upward on the ascending ramus. Above and below 
this the bone is thin. The mental foramen is small and is situated above the middle of 
the jaw, a little in advance of Pz. 

The teeth are very characteristic, yet they are simple. As seen from above they 
look like a large comma, with a short tail directed outward. ‘Their order of size, begin- 
ning with the smallest, is Mz, Pz, then M; and Mz, which are nearly equal in size. The 
teeth are evidently quite long vertically, except the last which is short, as it is so nearly 
approached by the posterior portion of the canine. The incisors are thicker antero- 
posteriorly than transversely. 


Measurements. 
M. 
Lengthiotmmolavspremol arse respysee vertices cies ciciers ayeld(ela (ere p- iotete ole cicieis ai aielav a ke +'s13/e els stele .CO7%6 
IDV TOE TANS HUNCH, cobb case ope bbnabObnn 6 DOOs TaD GOss 0c conn cH eno O sepa GoUdsooD 0064 
DepthvorramushustsDAeksOt Miner tress eielciis crete erety oc etree ls te ia PUMA Pree tn. citienate ste eneutes . .0046 


ANNES SOLE one Ta amas THUMCLEN Ie e5 5 oc bo ooboduapHdoDeseod bb opObeoUn wciac emo noc OO UUALONnaD ODGOr .0038 
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M. 

Thickness of ramus.at My 0.0.0.6. cece cee eeeeec eee «ees enlee enise wea slelein st ielal=isielelals atalletalte 004 

Length of Py... se cece ccc bee se tenn ning eee oiniee o/s at alg elmialy 9a eine a 2 ieee eee .002 

Width of Py. sce cece neeees ces cece gins a a cree vies oe a)eea min ie/ee ls aa Se sete tetas 0021 
Length of My. ....... seen sneae ce cae oe oie «ole a 0/4 oie eg aia ata NlelS = aleis ipsa telat uate Ie cneIs pee 0021 
Width of My... .cs0s sence case ceen ete noe soe oe 6 moe ore eine als tts tts stile ete 0022 
Length of My «2.0... scc cet e ce o4 ceva p bine nein mie e wt te 6 lala eens leleh ea tae ea ee eens .0021 
Width of Meacmes lsc neiiern tartar See e cece et en ete seeeececeereatteressttsssens 0022 
Length of My... 2.2. .eccnn ese qeececee oeneimne a0 09 lees elmte sell) a Sette ttle tems eee teee 0014 
Width of May... 220s sven ceueveeecne vies tacucis e¢ece ne sea ie ate tan ete mete teste ieee eet .0015 


Sciurus jeffersoni, sp. nov. 
Type No. 40. 


This species is larger than 8. relictus (Cope, 1883, p. 817, Pl. LXV, Fig. 35). 
The teeth do not increase regularly in size backward. ‘The mental foramen is higher 
and nearer to the incisor. The diastema was shorter. 

In this species the anterior cheek tooth is the smallest and the posterior one the 
largest, but the two between are nearly equal in size. In all of the teeth the anterior 
inner tubercle is the higher and larger and the posterior inner one the smaller. ‘The 
latter does not appear as a separate tubercle on Ms, as a continuous wall extends from the 
anterior inner to the posterior outer one, enclosing the basin internally and posteriorly. 
A small ridge, which may represent the posterior inner tubercle, extends from the wall - 
backward and inward in the posterior part of the basin. On the anterior three teeth 
there are minute tubercles between the two internal ones. There are also minute median 
tubercles on the outer margins of all the teeth. 

From White River beds, Pipestone creek. 


Measurements. 


M. 
Length of lower molar-premolar série): ......4. «0 ae Bea oe .012 
LeWgth OP Pz waves cecaves ches vecades es pn catnceg pale aerate eee .0026 
WHGEH OF Pigiine foc cicta aye oe «sah ci¥ Pusha cal Sn Deals ae .0029 
Vichy oteamolansweacheera se: anna ee eee Pn Pee g o.d one ies > oA eee .003 
eneth oti Maine senses coat eeee o,shsha'c & 20) Srepete an tka eae Sais Gita) mare wemenet lies .0029 
Hen gth Of Mg wi. s ce. eas eeve er ecus chy see seater est ee .003 
eH Bt Of Meg wien vice esicwcns DUN Zee we gieldlaa Betcet eke UE ee ee 004 


Humys minor, sp. nov. 


The type of this species, No. 37, is part of a right ramus of a mandible from the 
Pipestone beds on Pipestone creek, in Jefferson county. The anterior part of the incisor 


is gone and all of the mandible back of the second molar. The two anterior molars are 
perfect. 


Oo 


53 


bo 
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This species is much smaller than /. elegans Leidy. The mental foramen is near 
the upper border of the diastema and apparently much in advance of the middle. The 
anterior angle of the masseteric area is under the anterior molar. Both teeth are some- 
what worn on their grinding surfaces. Their antero-posterior diameters are nearly 
equal, but the second is broader transversely than the first. The anterior part of the 
first molar (cheek tooth) is not plainly divided into two lobes, but is subconical with a 
pit in the middle of the truncated apex. Its transverse is greater than its antero- 
posterior diameter. It is not much worn. It is smaller than the posterior portion of the 
tooth, in which there is a posterior outer tubercle, from which three slender lobes extend 
inward. ‘The anterior lobe is the longest and the posterior the shortest. The second 
tooth has the two rounded outer tubercles and five slender inner lobes. It looks as if 
each outer tubercle sent in three inner lobes, but the contiguous two unite to form one 
median one. On looking at the grinding surface, it is not easy to make out the four 
principal lobes as it is in Leidy’s figure of a tooth of /. elegans (1869, Pl. XX VI, 
Fig. 18). On examining the tooth from the inside it is seen that, beginning anteriorly, 
the second lobe forms the large anterior inner tubercle and the fourth the posterior one. 
The first and fifth are accessory, and the third is in the median valley between the two 
tubercles. It seems that a little further wear would unite the two anterior lobes. 


Measurements. 
M, 
Dey umeo me aiweaate Cxytal fOr e Meer veitieiseieiy dete ieiloelsielio's ¢ sieves ee fie aos ne ge anige veceine nes 0031 
IDepylty WCE AECOMNE! TNO MWS 0c oo. go as sd ainb ob 6 706 Otay OOOO BCOC CEC hte Coen acer meee .0039 
Bip nok mec sem Clets © COM Ol Aten ener sek tel Mok stalte buen lalerenehe sis a tasaus lors a elelsreoarsid> wos oale a alle ete .0025 
Memothro tetins gum ola teyetearweet ne eistchte afer ae clot enc rolie ciao tardiriv eu, 0 etl 6 CURE eee 0015 
DWV ALU O Muli st mIN LON Aleoremeee tare er we yeuere ctanctcarsaeta tars teste tereravoietsatene en cke “olalSl crs ch anerdybisi@iie@ iait as $i sidee aia ws .0013 
Men oti GiMeecomd Olay oye ner cs «eels pieisel ae shatters sialsleiela ol che syle so aise ers ein ols aioe <laene cc gina .0015 
ARC Or eee OrNGl TONE peo o omaracto. came OEM ae OG 6 OOOO bls Aone Oe ia meee eee 0017 


Hyenodon montanus, sp. nov. 
Type No. 46. 


A portion of a skull and mandible with all the teeth represented except the lower 
incisors. Found northeast of Toston, a village on the Missouri river, southeast of 
Helena. This was the only fossil secured from this stratum ; but teeth of two species 
of Colodon were found in lower strata. The skulls of Ovreodon robustum, O. culbert- 
soni (?), and Mucrotaphus helene were found farther to the northeast, but I am not sure 
whether the beds are higher or lower. : 

Larger than H. crucians ; crown of upper canine nearly straight; crown of P? high 
and without posterior cusp; talons on Ps and Pz, but not on Ps. 

A. P. S.— VOL. XX. GG. 
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The canine is long and slender but not curved backward toward the apex. P2 has 
a high crown as in H. cruentus and H. horridus. It has no heel and is therefore nearly 
like that of the former species. ‘The anterior border is only slightly convex longitu- 
dinally. The posterior is concave as in that species. There is a small tritocone on P3, 
and the rudiment of a deuterocone supported by an inner root. In P¥4 the tritocone, 
the deuterocone and its supporting root are all larger. There is no antero-external basal 
cusp. 

The lower canine curyes backward. Py is small and low, Pz bends backward. It 
is higher than Pz. Pz is much larger and higher than P35. 


Measurements. 


UPPER JAW. 


M. 
Length of upper series of teeth, exclusive of incisors -.. -- > 91 aeuaa een een 094 
Length of upper molar=-premolar series=4a-.2.3./aee ee eee ene eee .083 
Length of upper premolar series... ... .:;.. s/s casts ao el cs eae 033 
Length Of Wpper. Cambie oa. scars ne re. exe i. one seve giants opel eoiete OUR oe .012 
Wactibtoinp per (Gamithear an -iariei ec ey eee ANG doe nn toc 68 OG fbn obese .0083 
Height of crown of upper canine. 2... ......045 4 pees ee Ou eee 026 
Length Of PE occ tiaseege ci as sete vwivley pincteie gieie.Gls a: 2 Vette ose 009 
Height of crown Of P2 woes. oa esis oney oe dane spice ee een 007 
luenigth of 27 ann. enema COO ore ono oOo oa enn oS soon Ga condoroneweson .0125 
Height Of: P2 2 cu ecestvne sg seen ee couse pislnak Out eepne eee -014 
Liemgth of PS occ ise esscees pone sceleae cence gale enn a 0135 
Height of P2 ...6c.6c. cnc cena wanssctas sume can 6 y sled elena .010 
hetigth of P* . ic ese s cue elon a tig ene eeeucaeye dee 4 e/a ne ene 013 
Height of PS 2 ..es esi c8 i de eed sbee nun wale eee O11 
Detigth of M2... cic s ieace se oetiye oan fs cual als nde ee .018 
Height of Ma. ccc cee se ciceea tenia tines en ose ee ere ann .010 
Length of M4... sa... .i.s sence ee oo sleemlee ee O17 
Height of M2 oo 26. ccc. ccs ced usaanen es ons cle Neeson nna 011 

Lower Jaw. 

Length of lower series of teeth, exclusive of incisors Fr ee OA aS hoc nin Ace bos ob .092 
Length of lower molar-premolar series ..... ......+a+ec+esnsssesoee...0..10. 0s. 090 
Lengthrof lower premolar series 0: <.. «i0h4i) 41 eee 052 
Length: of lower molar series: »....055- «2m». «c.<¢e)laaee ae ae ee .039 
Length of lower caning... ... 0.4. wh ves 052 25 ee gee ee su cecmeege O11 
Width of lowéricinine oo... cesses eee 0095 
Length Of Py swives odie cvs utleccieced slay ayes ieee .008 
Height Of Ba cies. 1 damnit’ «okay actin 5 ee a .004 
Length of Pg iii is io vaeessecsecseon ans yey tn eee ane Seat o3 O11 
Height of Py -- ete. ..ss scans ses seucupiels saves sage eee ee .010 
Denigut Of Pg os oss. bua eed ay 0 ee ee son. = .OLRS 
Height Of: Py oie... ies. cs ce wan atyeca « Sle a ee O11 


WeMothnO tales kere ates 
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Hyenodon minutus, sp. nov. 


Type No. 47. 


This consists of only a lower sectorial tooth, but it is so minute that it cannot be 
confused with any known species, unless it be AZ. mustelinus, which is considerably 
larger. It is the second molar of the right side. It shows considerable lateral wear on 
the outside, showing that it was not a young animal. At the top of the cusp are two 
beveled, worn surfaces, where the white dentine shows through the black enamel. The 
dentine also is exposed on the anterior surface near the root. ‘The tooth is thick in 
proportion to its length. ‘There are minute ridges on the anterior angles and a faint 
median convexity. There is also a minute ridge in the posterior median surface. 
Probably the most characteristic thing is the size. 

Measurements. 
M. 


AMIE OFOOM ITO? CHOI CION Sd o.ald os ora e cob 6 hom Gunde we ORV OS OO0e OCCU pn ene eee enone iCnnor 0075 
TiRGATiG vie lis CEU La TMGUC Laren re areata Aten ie tive hers «arepsie dieucietche oissiey'sie ss) auskevs $is\sy'ejeus. 62 oisie eee .0049 


From Pipestone beds near Whitehall, Jefferson county, Montana. 


Colodon cingulatus, sp. nov. 
Type No. 62. 

Part of maxillary with P2, P4, M+ and base of P2. 

A prominent cingulum entirely surrounds the last two premolars. The internal 
cusps—the deuterocone and tetartocone—are just beginning to divide, as indicated by a 
shallow furrow on the inner side. The protostyle, protocone and tritocone are all con- 
yex on the outside. The protocone and tritocone are nearly equal in size, but the pro- 
tostyle is not so large or high. The metaloph is higher than the protoloph, the latter 
nearly dying out before it reaches the protocone. In other words, it ascends steeply as it 
passes outward toward the protocone. . 

In M! the paracone, parastyle, metacone and hypocone all appear as subconical cusps. 
The parastyle is much smaller than the paracone, and is situated in front of it and does not 
send backward a prominent cingulum on the outer face of the paracone as in C. procus- 
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pidatus. The distance from the apex of the paracone to the apex of the metacone is 
the same distance as from the latter to the apex of the hypocone. 

There are at least two infraorbital foramina. They open in a concavity in the face 
above the third and fourth premolars. 

From Toston beds near the Missouri river, above Townsend. 


Measurements. 

M. 
Length of last three premolars’ and first: mOlAy = 7rct eee tetegel-letetratat erste elena eee eee 0407 
Length of P2 at pases. 26.6 ssiw eae cieeserars eer ale) ole vere) een ae ale eet ee eee .009 
Width of P2.at base cies sicci cc ciere ier v de wise «fle nie ele: ae ot sia ene iene tse > ett ee ne eee eee .012 
Length: Of Pj. ae cic eia nore seinem ie aici Sbereinuele opr 1660 ofa sTapa Meet te SRC Cee et ee tee 0115 
Width: of P23 os ac cccae eeveare ob careers a ogo erercie oueys aie afetere tsa aUReUg neve a aeSys ays eee a tee ee .0173 
Length Of P2 eee a4 cay bese sre 3 stewie ove ale care farm 9 enetelesale hale lets Ent aa gn eee ene ae ee .012 
Width of PA nes scice since ote dieune'a eco a wie gin lore Gand lot gl elesa like ates Acta nena ea ea et eee ea .0182 
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Colodon, sp. 


No. 68. 
A last upper molar in a fragment of the maxillary. 
This is larger than C! dakotensis. ‘The tooth is considerably worn. The parastyle 
is as large as the paracone and is more convex on the outer surface. The metacone is 


small. From Toston beds. 


Measurements. 
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Bathygenys, gen. noy. (Plate LX, Figs. 7 and 8.) 
Type Nos. 48 and 66. 


Among the remains of small animals that were found in the Pipestone beds are two 
portions of mandibles that are of much interest, as, disregarding size, they are so very much 
like the corresponding parts of some of the Loup Fork specimens from Montana that I 
have put in the genus Merycocherus (1900 and 1901). I have not made a careful study 
and comparison, but since seeing the fine specimens of Merycocherus in the American 
Museum of Natural History, I think it is very likely that the Montana forms above 
referred to should be put in a new genus, so I will at present refer these to Merycocherus 
with a question mark, as: Merycocherus (?) laticeps, M. (?) altiramus, ete. 
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The parts of the present specimens are small, being anterior fragments of mandi- 
bles, yet these parts are so perfectly characteristic in Merycochwrus (?) that I cannot avoid 
the belief that if the skull of this animal is found it will show a strong leaning toward 
that genus, and I would not be surprised if it proved to be the White River ancestor. 
This is made more probable by the fact that none of the Oreodontide that have been 
described can be considered as ancestral to Merycocherus, either the true genus or the 
doubtful one. Ido not refer to the John Day forms, Promerycocheri, which have been 
included in that genus. They are a very different animal. 

The specimens are (48) the anterior part of a right ramus of a mandible, with part 
of the alveolus of the canine, the root of P;, the alveolus of Pz and the last two premo- 
lars complete, and (66) a part of a right ramus with the last three premolars and the 
first molar. — 

There are four ways in which it differs from Merycocherus (?). It is only a frac- 
tion of the size; it has, like some species of Leptauchenia, two mental foramina; the 
premolar teeth are not crowded, and the tecth are not so high, . The premolar series was 

probably as long as the molar series. 

In the form of the chin and symphysis, the depth of the jaw, the narrowness of the 
space between the rami back of the symphysis, the evident reduction of the incisors, the 
smallness of the canine, the lenticular section of P,, the forms of all the teeth preserved, 
their narrowness in proportion to their length, are all lke Merycocherus (?). It may be 

___ that these two fragments belong to different species, so to save confusion I will describe 
____ them separately. 

Specimen 48.—The anterior upper tip of the ramus is broken off. This shows ante- 
5 riorly a transversely narrow broken surface, nearly in the middle of which is the canine 


alveolus, but no hint of incisors. It is very doubtful if there was the full number. If 
_ there was they must have been exceedingly small or placed anteriorly to the canine. 
The anterior surface of the chin as far as shown is steep and straight along the sym- _ 
_ physeal suture. It is convex transversely. The anterior mental foramen is beneath the 
* posterior part of Pz, the posterior one a little behind the middle of Pz. They are a 
little above the longitudinal middle line of the ramus. The anterior is the larger. The 


: symphyseal suture is broadest below and narrows upward as in Merycochwrus (?). The — 
| posterior of the symphysis is under the anterior part of Pz. 
: ies canine was Neca much ae than IE nt ns is Cae in nee with a 
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toconid. The deuteroconid is only represented by a narrow ridge passing part way down 
the tooth inward and backward from the apex of the protoconid. The metaconid is 
much better developed and is represented by a posterior tubercle, connected by a narrow 
ridge with the apex of the protoconid. 

In Pz the paraconid is thicker and higher than in Ps, and is inflected inward. The 
other four elements—the protoconid, metaconid, deuteroconid and tetartoconid*—are all 
well developed and surround a quadrangular cup-shaped depression. ‘This is true also 
of Oreodon and Eucrotaphus, and the form of the tooth differs very little from these. 
In this particular tooth, however, the posterior depression would, on further wear, make 
an islet, not an enamel loop. It is shallow and would entirely disappear if there should 
be much wear. The great difference between this tooth and the corresponding ones of 
the above-named genera is in the narrowness of the tooth as compared with its length. 
P, also differs in this respect and they are, therefore, more like Merycocherus(?). Pz » 
differs from that of Oreodon culbertsoni in the simplicity of the inner ridges—rudimen- 
tary deuteroconid—in this respect being much like the specimen I have examined of 0. 
gracilis. It also differs in having the paraconid partly separated from the protoconid. 
Again in these slight variations the differences are in the direction of Jlerycocherus (?). 
In the type of JL (?) altiramus, which I have described from the Loup Fork of Mon- 
tana, the teeth are little worn and give an excellent opportunity for comparison (1901, p. 
73, Fig. 1). The present species shows almost no advance on this pattern. The para- 
conid on the last two premolars is a little thicker, and this element is distinguishable on 
P.,, which has just begun to develop the posterior elements. ‘The teeth have all increased 
in height. 

Specimen No. 66.—In this specimen the mental foramina are farther apart. The 
anterior one is under the anterior part of Ps and the posterior one under the anterior of 
Pz. There is a thickening of the ramus—an outer convexity between these two foramina - 
—not seen in No. 48. 

P; is shorter than Ps and the roots are not close together as in the other specimen 
Ps is about the same. Pz has the metaconid and tetartoconid much lower and they are 
not united at the posterior inner angle of the tooth, so that after considerable wear there 
would still be an opening to the inner basin as in Oreodon and Merycocherus(?). Px 
and P; are broader than in No. 48. 

M; is shorter than Pz. The posterior pair of crescents is wider than the anterior 
pair. The outer crescents are short antero-posteriorly. 

I will propose for the specific name P. alpha, with No. 48 as the type specimen. 


* The tetartoconid is small, 
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: Measurements. 


SPECIMEN 48, 
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Lamnenetes, gen. nov. 


The skull (No. 49) which I take as the type of this genus was found on a side hill 
about three miles northwest of Three Forks. It was near vertebre of a small Z%tano- 
therium. 'The skull most nearly resembles Oreodon gracilis in size, yet it differs more or 
less from that species in most respects. The most striking characteristics are the following : 

Skull low ; frontal plane nearly flat ; orbits open behind and as high as possible with- 
out arching of the frontal plane; a separate interparietal; tympanic bulle large and 
longitudinally elliptical ; basioccipital sharply angulate ; zygomatic arches nearly parallel ; 
sagittal crest low. c 

This skull belonged to an old animal and the teeth are so worn that their structure 
cannot be made out. There are other skull fragments with good teeth which were found 
in the same beds a couple of miles away. There are sonie differences, but I provisionally 
refer them to the same genus and describe part of them under the name of P. anceps. 
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Limnenetes platyceps, sp. nov. (Plate IX, Figs. 5 and 6.) 
No. 49. 


This is the skull on which the genus Limnenetes is founded. 

Though the teeth are much worn it can be seen that the last two premolars are 
small. P2 is triangular, and P4 very short antero-posteriorly. The skull expands 
rapidly just anterior to the orbits and continues nearly the same width to the post-glenoid 
processes, giving this portion a rectangular aspect as seen from above. ‘The anterior part 
of the nose is gone, so that only the posterior parts of the nasals are preserved. 

The naso-frontal suture is short. From the naso-maxillary suture it extends back- 
ward and slightly inward, then nearly transversely to the median line, not forming a 
wedge. ‘The nasals are narrow—not so wide as in Oreodon gracilis. They are flat on 
top as far as seen. The anterior lachrymal suture is nearly a semicircle. The lach- 
rymal pit is shallow, and, with the orbital border just behind, is rugose. The supraorbital 
foramina are small and open a little less than one-third the distance from the frontal 
suture to the supraorbital border. ‘The channels from these sweep forward and slightly 
inward, then outward and downward over the face, then backward to the infraorbital 
foramina which open aboye P4. 

The frontals, though nearly flat, are slightly concave between the orbits with a low 
convexity along the frontal suture. Between the channels from the supraorbital foramina 
the surface is flat, but outside these convex. 

The orbits are much larger than in Oreodon gracilis. They are circular and their 
upper borders lack only the thickness of the frontals above of being as high as the frontal 
plane—in fact they are about on a leyel with the slightly depressed median part of the 
frontal region. There are postorbital processes to the frontals and jugals, but they do 
not nearly meet, but end in points about 5 mm. apart. 

The temporal ridges, beginning on the postorbital processes of the frontals, converge 
rapidly, then with a gentle backward curve meet about in the plane of the anterior 
borders of the glenoid surfaces. The parieto-temporal sutures follow these ridges for a 
little distance, then converging more rapidly form a wider angle in front of the stephan- 
ion. The sagittal crest is low, being highest just back of where the temporal ridges 
unite. Back of this it descends and becomes very low in front of the inion. A narrow 
median groove can be seen nearly the whole length. The inion is lov—a little three- 
cornered area much lower than the frontal plane. Measuring from a line in the plane of 
the palate, it does not extend farther posteriorly than the occipital just above the foramen 
magnum. 


The brain-case is full and well rounded out. It is broadest midway between th® 
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middle transverse plane of the orbits, and theinion. Inward and backward from this are 
two convexities, one on each side of the higher part of the sagittal crest. The parieto- 
temporal suture makes a sigmoid curve upward and backward over the greater convexity 
of the brain-case and then extends backward parallel with the sagittal crest. 

The interparietal is perfectly distinct from the other bones, having a well-defined 
suture all around. It is an equilateral triangle. The anterior angle is wedged in between 
the narrow, forked posterior processes of the parietals. It does not extend quite back to 
the posterior part of the skull, a narrow border of the supraoccipital intervening. The 
lambdoid ridges are low, not extending into wings. 

The supraoccipital is nearly as broad as high. It is more nearly flat than in Oreo- 
don culbertsoni or O. gracilis. Above it is slightly concave, with a hint of a median 
| ridge. Below it is broadly convex and almost flat above the foramen magnum. 

The basioccipital is narrow and sharply angulate below, the angular portion being in 
the same plane as the palate. 

The tympanic bull are near tovether, large, high, evenly rounded, elliptical in out- 
line, as seen from below, with the longer axis antero-posterior ; and they project downward 
farther than any other elements of the skull.* They are proportionally larger than in 
Hporeodon (Princeton Col., No. 10586). The external auditory meatus is trumpet- 
shaped like that of Oreodon culbertsoni, and it fills the space between the exoccipital and 
the post-glenoid process. The foramen ovale is above the anterior portion of the tympanic 
bulla. The foramen rotundum is small and just outside the posterior beginning of the 
pterygoids. 

The posterior nares open between the anterior lobes of the last molars. The poster- 
ior median portions of the palatines end in a blunt point. The palate is concave in a 
transverse line and narrow. The posterior palatine foramina are between the interval 
between the last premolars and first molars. 

The glenoid surface is somewhat convex antero-posteriorly, about the same as in 
Oreodon culbertsoni. ‘The post-glenoid processes are broad transversely, bounding the 
whole glenoid surface posteriorly and extending outward nearly as far as the maximum 
expansion of the zygomatic arches, which is just anterior to the glenoid surface. 

As before stated, the skull is very nearly the size of that of Oreodon gracilis. . Its 
likeness to that seems more apparent on hasty examination than after detailed study. In 
many respects, as in the flatness of the top of the skull, the large size and superior posi- 
tion of the orbits, the shape of the brain-case and the size and form of the tympanic bulle, 
it more resembles Hporeodon (2). In a specimen of this genus (Princeton Coll., No. 
10568) which I have used for comparison, the postorbital processes of the frontal and 

* Probably the paroccipital processes extended lower, but they are broken off. 
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jugal are but barely united, so that the present specimen comes nearer to Hporeodon (?) 
in this respect. 

The beds from which this fossil was obtained are undoubtedly older than the Oreo- 
don beds of South Dakota and very likely correspond to the lower Titanotherium beds ; 
yet it is very doubtful whether this form is directly ancestral to Oreodon culbertsona or 
O. gracilis, though I should say that it is more closely related to the latter. It is more 
probable that it is ancestral to Hporeodon, and that at least the forms with excessively 
large bulle form a separate line from the Unita. But it is difficult to make compari- 
sons or draw conclusions on account of the chaotic condition of this family. It prob- 
ably will remain so until some one who can do it properly can haye the opportunity of 
studying the vast amount of material that has been collected and who will undertake the 
enormous task of “straightening things out.” There are about twenty species belonging 
to this family that have been found only in Montana. 


Measurements. 
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Limnenetes (?) anceps, sp. nov. 


About two miles from where I found the type skull of L. platyceps I found several 
fragments of skulls and mandibles of Oreodontide. They were found in the same spot, 
but belong to at least five different individuals. One was a small Agriocherus, A. mini- 
mus, Which will be described in this paper. In the same place were toe bones and part 
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of the femur of a rhinoceros, probably a small Cenapus. A little distance away were 
remains of a Titanothervum. A mile or two farther north were quite a number of Titano- 
therium bones and there I obtained large portions of two skeletons. 

The specimen which I take as the type of this species is the greater part of the 
anterior portion of a cranium (No. 50). Part of the snout and right maxillary are gone, 
but the root of the canine on the right side and the last two premolars and all the molars 
on the left side are preserved. It is only a little smaller than Oreodon gracilis. 

Compared with L. platyceps, the frontal plane is still more flat but narrower ; the lach- 
rymal depressions are larger, deeper and different in shape; the infraorbital foramen is 
farther forward, being above P*® instead of P4; the nasals are different in shape and 
extend farther back. 

The nasals are narrow, but broadest between the slender tips of the frontals. From 
here they narrow anteriorly to where they are broken off, and posteriorly to where they end 
in two small tips separated by a small wedge of the frontals. The latter, of course, may 
be only an individual character. This posterior extension of the nasals with the narrow- 
ness of the top of the skull make the anterior projections of the frontals rather long and 
narrow, and they end in slender tips which are wedged in between the nasals and the 
maxillaries. The lachrymals are larger than in L. platyceps, are not so nearly semi- 
circular and they send up a peninsula of bone toward the nasals. The lachrymal depres- 
sions are deep and longitudinally elliptical. The teeth are so much like those of Oreodon 
gracilis as not to need a separate description. Compared with the specimen (Princeton 
Col., No. 11396). which I have used for comparison, P2 is a little more triangular and 
the median and anterior outer horns of the crescents are less prominent. One of the 
supraorbital foramina is farther back than the other, and shallow channels can be traced 
to the infraorbital foramina as in L. platyceps. 

Among the other fragments is part of a skull (No. 52) that appears to be different 
from either of the preceding, but it belongs to a young animal. A small part of the post- 
orbital process of the frontal is gone, but it was undoubtedly short and the orbit open 
behind. 

There is also a series of milk teeth (No. 51), but not enough of the skull to deter- 
mine the species. 

Measurements of type specimen. 
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Oreodon robustum, sp. nov. 
Type No. 56. 


The greater part of a skull found in bed of soft sandy clay, northeast of Toston, 
near the Missouri river, southeast of Helena. 

It is readily distinguished from other species by several characters. 

Distinguishing characters: Size large ; face and anterior nares deep vertically ; nasals 
broad ; zygomatic arch broad below orbits; palate broad ; foramen ovale extremely large ; 
tympanic bulle very small and separated from basioccipital by a wide space ; incisive fora- 
mina broad oval. 

The canines agree with the general robustness of the skull in being large. The 
crowns are not preserved. P!is narrow. P2 is a little different from that of O. culbert- 
sont. Itis narrower. The anterior festoons are smaller, there being two little pits, but 
the ridge or partition that divides them does not continue downward on the tooth. On 
account of the thinness of the principal cusp the posterior internal festoon encloses a 
larger area. 

On the premaxillaries, beside the narial openings, are quite large depressions, which - 
in their centres expose a small surface of the anterior roots of the canines. It looks as 
though the premaxillaries had begun to codssify. The height of the anterior nares and 
of the face are very marked. The nasals are broadest above the anterior parts of the 
lachrymal depressions. From here they are narrowed backward very regularly, ending 
in points. Their posterior portions form a convexity. The supraorbital foramina are 
farther apart than in O. culbertsoni. 


The roof of the brain-case is broken away, showing part of the cast of the cerebrum 
and cerebellum. | 
The tympanic bulle are similar to those of O. cudbertsoni in form. The posterior 
portion, which abuts against the paroccipital, forms a process which extends downward a 
short distance in close contact with this larger process. Another process extends down- 
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ward opposite the post-glenoid. It is thin and antero-posteriorly compressed. A hint of 
it is seen in O. culbertsoni (Princeton Col., No. 10062). Another process extends back- 
ward and outward near the postero-interior face of the post-glenoid. A much larger 
space is left between the tympanic and the basioccipital than in O. culbertsoni. The 
ridge or convexity that bounds the inner side of the glenoid surface is much more promi- 
nent than in that species. The basioccipital is broader. 


Measurements. 
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: EHucrotaphus helene, sp. nov. 
™ ‘ Type No. 57. 


| The skull with the lower jaw. The anterior part of the skull and mandible, the — 
occipital crest and zygomatic arches are gone. It was found northeast of Toston, in a 
bed of clay which contained nodular layers. 
= It was a cone mayen ains ou pero full eron, judging a the sutures of the skull. 
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is very large. The supraorbital foramina are farther apart than in Oreodon culbertsona. 

The orbit is circular. The forehead is convex between the orbits, but concaye in front of 
the stephanion. The brain-case is broad, full, and well rounded out. There are no distinct 

ridges near the parieto-temporal sutures. The anterior part of the sagittal crest is low. 

The brain-case here is full and arched upward. Back of this the crest is broken away, 

but evidently it was not high and narrow, as in Oreodon culbertsoni or the so-called 

Eporeodon of the White River or John Day. It appears to have been more like that of 
O. gracilis. The foramen magnum is large. The basioccipital in front of the condyles 

is broadly convex, then for a short space forms a rounded (not a sharp) angle, then is 

broadly convex again between the tympanic bulle. The bulle are large, but not so large 

as in Eporeodon (?) major. They are quite evenly rounded and longer antero-posteriorly 

than transversely. Posteriorly they abut against the paroccipital processes, which extend 

backward and outward. These processes are convex postero-internally and deeply con- 
cave antero-externally toward the bases. The post-glenoid processes are moderately 

thick. The posterior nares open between the posterior parts of the last molars. 

The horizontal rami of the mandible are widely separated just behind the symphysis 
as in Hporeodon, but the caniniform premolars are very much nearer together and are 
nearly circular in section. The angle descends below the horizontal ramus. The coro- 
noid process is narrow at its base and the condyle is a short distance behind it, making 
the sigmoid notch and the upper part of the mandible narrow antero-posteriorly as com- 
pared with Hporeodon (Princeton Col., 10586). The upper molars have very prominent 
outer horns to the crescents. 

This animal resembles both Oreodon gracilis and Eporeodon, which perhaps form a 
different line from that of O. culbertsoni, but the latter is so variable and the validity of 
Eporeodon is so doubtful that I will not attempt the task of making comparisons. Even 
if Hporeodon is a valid genus this animal is quite different, and I prefer to use the older. 
name Mucrotaphus. 


Found in Toston beds in Broadwater county. 


Measurements. 

M. 
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M. 
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Agriocherus maximus, sp. nov. (Plate LX, Fig. 4.) 
diype No. 53. 

Of this animal there is a right molar-premolar series and the last two premolars and 
the first two molars of the left side, with some small skull fragments. They were found 
on the Little Pipestone, southwestward from Whitehall. These teeth do not look like those 
of Agriocherus, principally on account of their lowness and plain, flat appearance ; yet 
when they are compared one by one with those of Agriochwrus, one does not feel warranted 
in establishing a new genus on these alone; though if a skull and skeleton were found, I 
have little doubt that the animal might prove to be a different thing. 

Distinguishing characters: Size large ; teeth plain ; the cheek teeth low, except -P+, 
made up of crescents which are approximately low three-sided pyramids with broad bases. 

P1 subconical, longer than wide, with an anterior angle and a posterior depression ; 
two-rooted. P2 simple, pyramidal; the outer side convex ; the antero-inner nearly flat ; 
postero-inner side concave, with a weak cingulum. P® three-rooted, with a small -deu- 
terocone. The two inner sides equal. There is an incipient tendency toward the division 
of the outer crescent, as seen in the slight inner groove just behind the inner angle and 
the apex of the protocone. P+ has the same length as P? and P® but is broader. The 
two outer crescents are not separated down as far as in the molars. The deuterocone is 
as large, though not as high, as the outer crescents. It is subconical or subtriangular in 
section. There is a trace of a tritocone which looks like a cingulum. ‘There is a faint 
cingulum nearer to the root. 

M+ has short, broad, low crescents, with broad open valleys between. M? and M® 
are the same but longer antero-posteriorly. The animal was not old, as M® had been 
recently erupted. 

A small portion of the top of the skull shows the angle where the temporal ridges 
unite to form the sagittal crest. In the angle is a broad concavity and the ridges are 
broad and prominent. ‘There is no deep groove at the angle. The anterior part of the 
sagittal crest is a low, broad convex ridge. 

Measurements. 
M.> 


ene thrOte molars prem Olaris CULES MD OUT Na rare eyes ois <iapierslvayels)s1le es <le1s/ ashaiecrs) «yoke sfwielscaipe) o\slesiagess« 124 
ents theo tap remolaiasenle camp me meets yee civetrena teeter cet nesta Sra AOR seks Baraka y ennare sateen: 052 


* The posterior half of M® is injured, and it is reckoned as the same length as the anterior part. 
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M. 
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Agriocherus minimus, Sp. Nov. 
Type No. 59. 


As A. maximus is the largest known Agriocherus, if it is an Agriocherus at all, so 
this species is the smallest. It is represented by the molars, last two premolars, and the 
zygomatic arch of the right side belonging to a mature individual. It was found in 
the White River beds, northwest of Three Forks, with Limnenetes anceps. 

Specific characters: Size small; P*® long antero-posteriorly ; outer crescents of 
molars very low, their outer faces looking downward much more than outward. 

P3 as seen from above is nearly a right-angled triangle, with the right angle placed 
postero-externally. The outer surface of the protocone is concave with a faint ridge in- 
the median line of the tooth. The tritocone is distinguished from the protocone as 
viewed from the inside, though it is not so apparent from the outside ; but the protocone 
is the larger, the groove being behind the apex. The deuterocone is well developed and 
is opposite the tritocone. A ridge extends from its apex and along the inner side of 
the protocone to the anterior angle of the tooth. There are traces of a cingulum in 
the anterior and posterior faces of the deuterocone, and at the posterior outer base a 
small hint of a tetartocone. 

P+ is nearly an equilateral triangle in cross section with a rounded interior angle, 
as the deuterocone is conical. The separation of the protocone and tritocone has pro- 
gressed farther than in P3; the two are more nearly equal. This is apparent from 


* The posterior half of MS is injured, and it is reckoned as the same length as the anterior part. 
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- the outside in the truncation of the apex of the tooth. A protoloph begins at the apex 
of the deuterocone, and, becoming narrower and lower, extends to the outer anterior 
buttress. The tetartocone is small but well defined. A cingulum surrounds the inner 
part of the tooth. | 

The molars are broader than long. They- bear very low crescents. The antero- 
external buttresses are large, especially on M®. There are inner cingula on M2 and 
M® and faint traces on M1. 

The zygomatic arch is quite broad under the orbit; its lower angle being opposite 
the posterior part of M2. The anterior inferior root expands outward abruptly. One 
root of M® projects through the maxillary into the orbital plane. Evidently the 
posterior of the orbit was in the same plane as the posterior of the last molar. 


Measurements. 
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Arretotherium acridens, gen. et sp.noy. (Plate IX, Figs. 1-3.) 


Type No. 60. 


Of this unique animal I have most of the superior dentition and parts of the skull 
and skeleton. It was found in a fine sandy clay near Blacktail Deer creek, twenty- 
five miles south and east of Dillon, in the southwestern part of the State. Part of the 
posterior portion of a skull of a rhinoceros—probably Cwnopus—about the size of C. 
tridactylum, was found in a sandy layer near, and a considerable distance above the 
type of Steneofiber hesperus was obtained. The bones are much broken and part of 
them had been washed out and mixed in confusion in,the clay. I saved all the frag- 
ments I could find, taking some of the material to the creek and “panning it out.” 

A. P. S.—VOL. XX. IL. | 
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Part of the humerus of a cat, besides fragments of bones of one or two other animals, 
are mixed with those of this specimen, so it is sometimes difficult to be sure just what 
ones belong with it. 

The teeth are different from those of any known animal. Those of Hyopotamus 
resemble them, especially the molars; but those of the present genus have no anterior 
intermediate “ fifth” or “unpaired lobe,” the protoconule. In this respect they are like 
Merycopotamus. 

With the material in hand the principal characters seem to be the following : 

All the upper teeth with sharp cusps or crescents ; first premolar small ; premolars 
increasing rapidly in size posteriorly, and composed of a simple compressed cone and a ein- 
gulum or cingulum-like cusp, which also increases in size backward ; molars high, square in 
section, their length and breadth being nearly equal ; occiput low ; tarsus in the main 
resembling that of Oreodon. 


DENTITION. 


The only incisor preseryed resembles the third of Hyopotamus, but it is much 
smaller and proportionally much thinner. The outside of the crown is uniformly con- 
vex. The inner side has a low, broad median convexity, so that, though thin, the tooth 
is thickest a little behind the middle and the edges are very thin. The anterior edge 
projects a little beyond the root. 

Parts of two canines were found, the upper part of one and the lower part of the 
other. They were supposed to belong with the other teeth, as they were found closely 
associated with them. ‘They are thin and sharp for an artiodactyl, yet not altogether 
exceptional, and they are quite sharp and finely serrate on the posterior edge. These 
characters, and the fact that part of a humerus of a cat was found with the other 
bones, makes it doubtful to what animal these canines belong. But when one sees the 
compressed character of the incisor and premolars and the sharpness of the apices of 
the molar crescents, it does not seem improbable that the canines belong to the present 
animal. The teeth are not more compressed than in Moschus, and not so long as in that 
genus or Cervulus. ‘The serrated edge is not entirely exceptional, as Marsh has observed 
it in Llomeryx armatus (1894, p.178, Fig. 3). The form of the tooth is not very closely 
like that of any cat I have seen. The whole length of the anterior edge of the crown is 
worn by contact with the lower canine. This, I think, does not occur in any of the cat 
tribe, as, at most, on account of the inner position of the lower canines and their oblique- 
ness, only the base of the anterior part of the corresponding upper tooth could be 


worn by contact. The relative position of, these teeth was evidently similar to that in the 
Peccary. 


bo 


OF THE WHITE RIVER BEDS OF MONTANA. 7A 


The canine is narrow laterally, more nearly flat on the inner surface and divided 
into three conyexities by two faint longitudinal furrows. The outer surface is more con- 
vex, divided in the same way, but the middle convexity is much greater. The tooth con- 
tracts uniformly anteriorly, exteriorly and posteriorly from the base upward, ending in a 
small, smooth, rounded point. The appearance of the enamel is like that on the rest of 
the teeth, in all of which the inner angles and sometimes the outer are smooth, the other 
inner surfaces less so; while on the outer surfaces the enamel is slightly crinkled. The 
height of the crown was about .035 m. 

The first premolar is small, longer antero-posteriorly than the incisor, and is thin— 
the thickest part and the apex being slightly anterior to the middle. The forward slope 
of the edge from the apex is straight, but back of the apex it drops abruptly, then slopes 
backward and curves downward. The thin anterior part, as in the incisor, projects a 
little anteriorly to the root. There is a short cingulum on the posterior inner side, which 
continues as a faint ridge to the anterior edge of the tooth. 

Premolar 2 is longer antero-posteriorly and much higher, haying a high, narrow 
apex, which is nearly central. Irom this apex the edges descend, vertically anteriorly 
and nearly so posteriorly for a short distance, and then both slope away, though not with 
exact symmetry, to the anterior and posterior edges of the tooth at the base of the crown. 
The outer convexity is not straight vertically. Beginning at the apex it extends down- 
ward a short distance, and then curves forward. The inner convexity is straight and 
median. ‘There is an outer cingulum. The inner cingulum begins at the anterior angle 
of the tooth, but the posterior part is broken away. 

The third premolar is nearly an enlarged copy of P2. It is larger in every way. 
The main cusp is rather narrow, but the enlargement and expansion of the cingulum on 
the posterior inner part of the tooth gives the base a triangular form, with the posterior 
inner angle rounded. The cingulum encloses a large concavity or an oblong cup-like 
depression. A second premolar of a young Hyopotamus in the Princeton Collection (No. 
10652) resembles this tooth. 

P4 has an outer and an inner crescent, the outer being the larger, longer and higher. 
There is an anterior and a posterior outer buttress at the outer angles. Both the ante- 
rior and posterior cingula are large and enclose furrows between them and the crescents. 
The outer crescent is concave externally with a median convexity. This is also true of 
the inner crescent. The posterior faces of the crescents are in the same plane. The 
anterior horn of the internal crescent is convex on the anterior face, and abuts against a 
small but comparatively high conical cusp or style which partly interrupts the “valley 
between the two crescents. 


? 
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As before stated, the molars have four crescents with no fifth lobe, and the length 
and width are nearly equal. As nearly as I can judge from the illustrations of Falconer 
and Cantley (1847, Part VII, Pl. LXU, Figs. 15 and 17), the last two molars are con- 
siderably like those of Merycopotamus dissimilis, but here the close similarity apparently 
ends. 

Molar 1 is so much worn that little can be said of it, except that it is much smaller 
than M2 and is square in section. The anterior and posterior worn surfaces are conflu- 
ent medially, and only the last narrow traces of the transverse valley are preserved, one 
as an external, the other as an internal projection, not quite meeting on the middle 
transverse line. 3 

In the third and fourth molars the inner crescents embrace the inner bases of the _ 
external crescents, so that the median transverse valleys are much deeper than the median 
longitudinal ones. There are buttresses on the external horns of the external crescents ; 
but the two median ones do not conjoin, forming a large one which cuts off the external 
entrance to the median transverse valley as in Hyopotamus. Owing to this and to the 
depth of the median valleys, the anterior and posterior halves of the teeth seem much 
more separated from each other than in that genus; in fact the last molar, especially, is 
almost cut in two. From the inner faces of the anterior inner crescents a short but 
thick cingulum extends backward and slightly outward, abutting against the anterior face 
of the posterior inner crescent. The anterior and posterior cingula are strong, and the 
depressions or valleys which they enclose are divided by the horns of the inner crescents. 
In the last molar the anterior horn of the posterior inner crescent continues to the ante- 
rior outer crescent, thus dividing the bottom of the transverse valley by a thin partition. 
The anterior roots of M2 are connate, thus forming one broad root. This probably is 
true of others, but they are not enough exposed to make it certain. 

Three molars on one side and the last two on the other have part of the jaws 
attached. The incisor, canines and premolars were found separate. There are many 
fragments of molar teeth of the same kind, so there must have been more than one 
individual. 

A fragment of a mandible is present which has one imperfect tooth. It is doubt- 
ful if this belongs to the same animal as the upper teeth. It looks more like the tooth 
of some member of the Pecora than we would expect to see in this animal. It is pris- 
matic and quite high. In section each half of the tooth is a three-sided prism, the outer 
crescents being V-shaped at the top, but the outer angle becomes rounded below. On one 
of the outer crescents or plates there is a ridge that is not exactly median, as it begins 
below at the base of the posterior buttress, passes diagonally upward and forward, 
terminating in front of the apex of the crescent. This is probably Mz. 
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The Skull.—A. portion of the base of the skull is preserved, including part of the 
occiput, the occipital condyles, the basioccipital, the exoccipitals and small portions of 
the squamosals. 

The occiput was low as in Hyopotamus, which it much resembles in some respects. 

The occipital condyles and foramen magnum are large. Their lower articulating surfaces 
are nearly flat medially. They form only a slight angle with the part of the basioccipital 
anterior to them. Between the paroccipital processes the basioccipital 1s broad and mod- 
erately convex. Anterior to this it is broad and quite thin. There is a longitudinal 
groove on the under side on the median line on the portion between the tympanics. 

The exoccipitals are similar to those of Hyopotamus. They are broad and thin 
above, convex transversely and concave vertically. They are peculiarly roughened, 
appearing as if they were made up of several codssified bony plates. The paroccipital 
processes are both broken off, but they are nearly equilateral triangles in section, nearly 
on a level with the inferior surfaces of the occipital condyles. They are directed slightly 
backward as in Hyopotamus. The exoccipitals are transversely convex posteriorly and 

" concave—except at the top—anteriorly, but they send forward a high ridge or wing 

___-which rests against the tympanic internally. This latter bone is tightly wedged in 

between this process, the outer part of the basioccipital and the squamosal. 

The external auditory meatus is small and extends inward horizontally just beneath 
the lambdoid crest. Aside from this the space between the exoccipital and squamosal is 
bs we: entirely filled with bone. The ‘two processes, the paroccipital and post-glenoid, do not 

>, a approach each other as in the American species of Hyopotamus. Apparently the 

a arrangement here is more like that in the fragment of skull figured in Kowaleysky’s 

< 4 paper on Hyopotamus, in Pl. XX XIX, Fig. 5 (1873). The tympanic fills the greater F 

‘part of the space above referred to. There is a groove extending downward and forward 


e a triangular exposure of the periotic. The bulle are not preserved, but portions of 
petrous were found which show that this bone was very large. One fragment shows 
“ast of the cochlea. ‘The first whorl is much larger and is broader than either of the 
s, which are almost equal in size of whorl, but the third is slightly thicker. The first 
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by a groove. The lower surface of the atlas is nearly flat with a median anterior con- 
vexity, evidently terminated by a short spine or protuberance which has been broken off. 
The posterior cotyles for the axis are nearly flat, and, like the anterior ones, are almost 
confluent below. . 

The odontoid of the axis is broad and thick. As stated by Scott in the case of 
Hyopotamus brachyrhyncus (1895, p. 470), it is “ neither conical nor spout-shaped, but 
intermediate between the two.” It is broad and thick. A section at the base, also the 
anterior edge, are almost semicircles, so the process is approximately the sector of a 
sphere. The upper surface, however, is not flat, but somewhat irregular. Anteriorly it 
is beginning to be spout-shaped, but there is a broad. median convexity. Farther back 
at the base is a greater prominence, terminating anteriorly in two V-shaped convexities, 
one on each side of the median line. With the exception of this prominence and its 
greater width, this process resembles that of Agriochwrus. The atlanteal surfaces of the 
axis are convex ventro-dorsally, and they slope backward more than in the last-named 
genus. 

The Humerus. 
being mostly on the inner portion. The lower portion differs both from the one described 


The head is unusually flat on the articular surface, the convexity 


by Scott as Ancodus brachyrhyncus and the one figured by Kowalevsky as Dzplopus 
(1878, Pl. XXXVI, Fig. 4). The inner epicondyle is very uneven on the outer surface, 
being covered with irregular ridges and depressions. It is much thinner than in 
Hyopotamus and different in shape. Instead of being broad posteriorly to its lower 
extremity it has a narrow border. The trochlea is also different. The median 
ridge is almost as prominent as the inner one. The outer convexity is small and looks 
like an accessory ridge on the median one. The inner groove is deep and the ridges are 
not oblique. 

The Tibia.—The distal end is compressed antero-posteriorly, its transverse being 
nearly twice its other diameter. The facets for the astragalus are very oblique, the inner 
one being narrower and deeper than the outer. The outer edge of the tibia is angulate 
to near the astragular facet, where there is a small oblique truncation. This evidently 
was not for the shaft of the fibula, as that lay in the broad convexity anterior and internal 
to the outer angle. 

Lhe Fibula.—The lower end of the fibula is laterally compressed. Its antero- 
posterior is twice its other diameter. There are on the outer side an anterior and a posterior 
ridge and a smaller one on the plane surface between. The facet for the calcaneum is 
oblong-oval or hastate, terminating posteriorly in a point. There is a posterior concave 
surface and a smaller anterior convex one. The facet for the astragalus is different from 
that of Diplopus (Kowaleysky, 1873, Pl. XX XV, Fig. 3), being more like that of 
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Oreodon. It is a lobe extending backward and upward and is broadly rounded at the 
extremity, not forming a half crescent as in Diplopus. It has no raised border or ridge 
projecting over the upper edge of the outer ridge of the proximal trochlea, as in the speci- 

men No. 11162 of the Princeton Collection, the foot of which is figured in Scott’s paper 
(1895, Pl. XXIV, Fig. 9). This articular surface occupies an elevated plane. The 
posterior side of this elevation is higher than the anterior. 

The Tarsus.—The tuber of the caleaneum is most like that of Oreodon, but is much 
more robust in proportion to its length, especially so at the upper extremity. It is like 
that, too, in haying no tuberosity or accessory facet on the sustentaculum, the inner 

_ border of which is a sharp angle all around. 

The astragalus is longer in proportion to its width than in Agriochewrus, but much 
shorter than in Hyopotamus or even Oreodon. In other respects it differs little from 
that of Oreodon. ‘The oblique ridge above the calcanear facet is not so prominent. As in 

_ Oreodon, there is a faint ridge defining the inner boundary of the facet for the caleaneum, 
but no massive ridge with an accessory facet as in Hyopotamus or Agriocherus. 

The cuboid is much like that of Oreodon, but the calcanear notch is very shallow, 
not descending so low as in that genus. In Hyopotamus it descends still lower. As seen 
____ from the front the notch occupies only one-third the width of the cuboid, and it apparently 
= MAS did not reach backward more than half the antero-posterior thickness of the bone. The 
cuboid is more regular in outline and much nearer a cube than in Hyopotamus, Agrio- 
cheers and Oreodon. 

‘The navicular is more like that of Hyopotamus, but there is no plantar hook. 
oe - Behind the proximal articular surface there are two lobes, as a valley runs down the 
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ae plantar side. The inner lobe is the larger, projecting backward, so that the inner length 
a a ne the bone is greater than that in Hyopotamus. The distal surface is nearly a plane 
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a . surface, with the exception of a small median inner convexity. The inner side is more 
me regular than in Hyopotamus. — 

_ The ectocuneiform is nearly Hike that of Oreodon. There is a small facet for 
4 etacarpal II, which has two faces, one more concave than the other. Above this is a _ 
: small triangular facet for tke mesocuneiform. On the plantar side there is a wide 
Dye, or valley, passing obliquely downward and inward from the proximal to the distal _ 
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There are no complete metapodials. There are the proximal ends of one of the 
smaller ones and the distal ends of eight of various sizes. The proximal portion of the 
smaller metapodial, compared with the median ones, is larger proportionally than in the 
pes of H. brachyrhyncus (?) (Princeton Coll., 11162). The head is thick transversely, 
triangular in section, conical at the top and larger than the shaft. The shaft, a little 
below the head, is transversely oval. The distal ends of three of the median metapodials 
are much like those of Hyopotamus, but the dorsal surfaces of the trochlea are not so 
convex or the groove above so deep, and the trochlea are not bent in toward the plantar 
side as in Oreodon or Agriocherus. The distal ends of two lateral metapodials are sym- 
metrical. They are quite thick and do not appear to have been in close contact with the 
median ones. There was probably either a hallux ora polléx, as thére are two distal ends’ 
of very small metapodials. ; 

There are several portions of phalanges and two middle ones nearly complete. The 
latter are short. ‘The proximal articulating surfaces are slightly concave and separated 
by a low median convexity. The distal facets have ashallow groove. A lateral ungual is 
asymmetrical. Its dorso-plantar is greater than its transverse diameter. It has approxi- 
mately the form and size of one of the median ones of Oreodon culbertsonz, but it is shorter 
and the proximal facet is divided into two unequal areas. One of the median unguals is 
only a little thicker planto-dorsally, but much broader. The anterior part is gone, but so 
far as shown the inner margin is nearly straight, while the outer curves inward toward 
the tip. 

Discussion oF RELATIONSHIP OF ARRETOTHERIUM. 


Until more complete material of this animal is found, or that of related forms, it 
would be unwise to form a judgment as to its relationship. We can see resemblances, but 
these are far from being proof of relationship. There is enough preserved to show that it. 
is very different from any other American genus at least. The skull, so far as preserved, 
is suggestively similar to that of Hyopotamus. 'The molars, too, aside from the absence of 
the protoconule, resemble those of Hyopotamus. ‘They seem to be much like those of the 
Indian Merycopotamus. The premolars are different from those of Hyopotamus. The 
atlas is not much like anything I know. The lower end of the fibula, the calcaneum, 
astragalus and cuboid are similar to Oreodon. The navicular and the metacarpals and 


phalanges appear to be more like those of Hyopotamus. There is no evidence of relation- 
ship to Agriocherus. 


Measurements. 
M. 
Length of molar-premolar series arranged, without diastema ; left side. ........+++e+++eeeees 130 
Length of incisor (122)... . 2. 1.215 Se anaee yl re ene 0074 


Width of incisor (Ef 2)... dnocsas ose de eee SRN Aoi .004 


OF THE WHITE RIVER BEDS OF MONTANA. Hg fi 


M. 
Higiglay qr ingore (EO), CROWS 5.06.60600000 000000000 0O88 COC es DOSER ORECeCnTe cermin eae .006 
IDEA LH, ON COMA 6% Bean b5.0505 680004 GOA COOB OE Ce OLIN PIE het en Cr meen aaa .016 
WET Gl GINOO Am Cay CMEMnar rset terete aierefote <ieaictayecel eissels: ices ete. c) stv evauaileidlichalelelave cucraveldie.siai'eia divi) atble are a'-000.4 .009 
Elegie igo feea nin ements Peete trey create seo lets etstelcie cle le  s icles vg 9 si0.eie) sis ercieitis Sd 'starslessie ea 035 
Dora UO Og ee eee ee eee ters creer erehayeriowerslce icley acetals a sfeis| sjeters cis grerslo eos sng; o's shy Sie tos wie Wee wiaelew 6 .0092 
WAvRGliiin, GPIPM 5 c.o.03 oc oa br eso 0.10 ee acobe 66 CEO BUCO OCU O ROCCE AIG CRIT acne tet ere a ana .004 
TEknpa ni ORE TPE, 5 6 06.8 ank.G5 ccoreas d OL 081 COOGEE BARC O BOG. DER CIC MOT eran tee ie ates ae eae .006 
ILOROT OR TES. - 5 o.oo vee ob on MACON OS DORN AG OREO ICO ORIGIN His IDCAICOC Ian ara er eee ae eae 0135 
Vitel: @IE TEL, TC Groce co oocoadae Co dOdeG UO 65I0 0 Ue DOE OC CIC nT Ie ita en aetna .008 
TGA At OP TRE 6.5 Gorco odie ce AMIGhSe Odie AEA 6 EOI C8 Oe ORS OREN ic ak ea an eee O11 
ID BITAIE CPI S. - cnc coSb aCe eE OS CO OUES EC HOLES DOE tO bee ABO AOI Cn tant ea a ee 017 
CR TGISE ©2952 noc §r oad bat OOS CO U0 0d ETE eee eon Tae ae 014 
NW Vildiinna tale a DhOvOCOMe rams hi cts iter erate rae steht cles <n ates wiv Sassi vicke oe ad late, Soa ek Bisa leane 0085 
IBICH EAN ORES. Cogs odbc apes o HOC66 noe GO BOD d OHROOE Ge AGC oO Tarr tee eacseeecs sa ae 018 
ILA ORES oc Stage OOCA OOOH S HON. 6 6 TEAC lO COO DEED OCC en OCC aca eae .016 
Walch nO Leys tebe eerste acre lirs nie cid ssh he Sheen are ela oleieke wiald ove.s HOO ORR G CERO Ch eR ieee eae cre 020 
Heishtiot P= o....s.- eR OOM CO tts ABET ON orcs ane. tao 2hGO00I0 02 OS GOUBUd mAoeb On Ben ueo ee .014 
enc thyotmolariseniesamre cm serae ui srs esterase evs) ake ss oe otha « sicieiete were wine Siotercte auctersie stern aees 072 
Reta CeO Lge aren tee tees ere teh eeies teyers snide staricts steerer etter s. Sieve cays ioe alays © a gnevesaia bi apaseisese es als .0185 
VRTIGIGIS, GIS INEZ bid. c chloe niEe B EGRIGOSIS O16. AO CACO’ a GIST EG ocean an ete ean .020 
IGT REN ONE IEE 5 sag oo 6.4 FON Bb 0 OHO He Ce OCIS EIA CHEE BEN SOCIENTICIE CIE Cee ain ne eee 024 
VRTICNAD OUP IVES nc Rac boc eae ndoioi8 Bilbo G8 C000 DOSOEC ROO God Ce eC a nat nana ee 0255 
JUEGO MES 6 S65 Cb8dneo OOO 0.5 08O-0n Aono COS Cp OS Cr 6 COROT RECO Eee eee .0285 
AVSCOEH DONE WES SEAS 55 ceutites Orntic © od Roig 0.06 aiS|6 GO. HOU An BPO SIGE IOI EE Oe ee .0295 
TRUST COE Ty EE 8 eo BORS.O. 6 BENE OO AO O68 BOE COM> MOORE Ge oO ee cae orate Gecteess cra eee riers .0190 
Memothmo ie M2 an ol GrslCleu saerercter- preter micrisereite aie sis cert aicieleis scien Maes ee sade saiieiee. ees 255 
ANCHO. OL LIE AGA GCS. oo 2 Gowoteoenac oo fines OBR CIrae 16 CERT OOe Oe Ce aaa aC eae nea 027 
Lifer ORE NE. TENANT SOS o.c oo GEG ou a.0 BY Ob EOS SOUS a Oo au DOL OCid DG Ee ean Bees eats .029 
WCHD. OL MES TOMBE ONS 5 renolsdeh 06 500 ca06 Go ou dce See R OAC ano DoT Sec Ce eean ee ann cee een 030 
WV er CG tase oen tia OMIT sy OMEN AOU Greeuenteretent ter ytare sta cnreetemtas emtrre levels «s/o. <isie)s is Wiles vie) sunvelewleveye:¢ 026 
Wii clehtOMOceIplta lL COMG vil ese aD Obie srnperaienatcke crv aseilonsnctee ee? oie alels ciaranave ve ieus + wiesdioycl siete else ea .055 
Walco tee umalls cal aloes OLAS peters cete aeetst teiertete sete teste sicle,s eee) srSueleele oe ee Sasi pve’ eres als ae eal as .030 
WIG OF OINOROR COUN EEO HIE. coo oan aqububooon bode BUDCe eRe n Ge IGOR tore Oa ooe 057 
NV CIEOMOCOMUOLGsDROCESS Ola XcLe mpeen renee er teen cress fo). s oanlee ieis. a ovaisralernaasve-s Gro sien o = else alers .020 
Pin ckmessrO te OC ORLO1G. DTOCCSSLOlsa X16 Ble USC!Ppers els sie cio Guspeua Pls whee ordi nie ome shay e ie wisteaeac.ern .012 
DiNMeLCmOmMMistHmenG OletlLOlaw Cha Ms Versus. cae oe cleies serelovatlers oils, shai cicisie ess cint fle ae wile este .0415 
WW AMCtemO mCi stalven dol ulOlaey CORSO=p lem tsinm crave steve sieiers cicrciers sicosselele « « cic.tum ajeisecetere sia a .0235 
DiAIMeTeMmOMmGIsta en CsOletio lll AatlansveLsery oars ected cate sie eersrelcatin s/o asicil, inte te.cleeumoaters .0103 
Drsmetenomaistaimende ote Owla nd OLsO-plamta rales iacsselileel. oils o sciowss oo. eres sleiawie sleeves ara .0207 
enetimonvuberotcaleanecum aboverasinagalan facet... sje cic soe eivsielooe ess. 043 
Dianreterotiuh en omcaicaneunl im middlemtrangversems -ecu<se aces sone-4eseeeeeess se. +o - .0185 
Diameter of tuber of calcaneum in middle, dorso-plantar.......... SO mGIOL SO SO HUOCR ED COTGO000 023 
JUG CR OBUEY TNE 4 55c.cSosougacaccquUEGs 000086 Fup Se eboE nN bUe Oddo UOC RCO Bere orc cmee ao .0435 
AV CUE o feels ita c ahulSiveretcneye ste ieteretskec ster acters o.n (thes oot ne Me nah yn on ac oitiess si 2 iasslio ae sie seals aces 027 
AMVC NGS Oh CUCU) ClONOs OMEN: Dos agoenos ag fob 40d DOCROES RAGOGR ACO ome CeRe anc aCrom ae 024 — 
TUE ONE AMONG, OUEIROTR, recone tb osc ocen ne mat Me dEOA cHos a5 nb Op 6 Onde ORO Emme oe aaod ae .020 
WWiiclihnotcuboldminan Syelse eras eee feta) coe en RO S02 SES o SOROS dd DEO DLOC 0212 
TEN ICKNE SS" OM CUD OMMEMe ATAU ON meets etarevs sclera teins ch cuneate evar tus wlete tice Garis erie Aan. fee .024 


A. P. S.—VOL. XX. JJ. 


278 DOUGLASS—FOSSIL MAMMALIA 


M 
Length of navicular.......sscssens oes 64 bs 20 chem oiba n mnie = Ane eve ee nee eer ee ea 021 
Width of naviculars <. s< sis cae oe ecave ele & ee eioleleie at eleva eretenelte mere era eae .022 
Thickness of navicular, dorso-plamtar ers ci ces otters) i etenetetetet ont ste ety ete eee eee eee -0327 
Length of ectocuneiform .....6.seeeee cece ees ene seer ceeeestnc ese tetneens sepsatececrcerse -012 
Width of ectocuneiform: «sé. 2664 2s0c04 o¥cis e015 05 OS Hee ee On ore eee ee .020 
Thickness of ectocuneiform .:...<n. 22 mera er oe eee ae eee ete eee tee aaa eee 014 
Width of a median metapodial just above trocl lear erste set clare teres eestete tater sietens teeters iter .018 
Thickness Of SAME «soa cae dsc 6 er 9:84 ase ie are, F tea aes oh a tefeem eos tee oe ee 015 


EXPLANATION OF PuaTE IX. 


Figs. 1-8. Arretotherium acridens, gen. et sp. nov. Natural size. From Blacktail Deer creek. 

Fig. 1. Upper teeth of right side. Outer view. 

Fig. 2. The same, from below. In Figs. 1 and 2, premolars 3 and 4 are restored from left side. The position and 
arrangement of the antemolars is conjectural, as they were not found in place. 

Fig. 3. Left tarsus with distal extremities of tibia and fibula. Navicular restored from right side. 

Fig. 4. Agriocherus (?) mazimus, sp. nov. Natural size. Molar-premolar series from the right side. From Pipe- 
stone creek. 

Figs. 5, 6. Limnenetes platyceps, gen. et sp. noy. Natural size. From Thompson creek, near Three Forks. 

Fig, 7. Bathegenys alpha, gen. et sp. nov. Spec. No. 48. Antenor of left mandibularramus. Natural size. Pipe- 
stone creek. 

Fig. 8. Bathygenys. Spec. No. 66. Another individual and perhaps a different species from Fig. 7. The last 
three premolars and the first molar. Natural size. 

Fig. 8a. The same, with teeth magnified four diameters. 

ig. 9. Oylindrodon fontis, gen. et sp. nov. Left mandibular ramus. Natural size. Pipestone creek. 

Fig. 9a. The same. Enlarged three diameters. 
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List or Species DESCRIBED WITH THE SPECIMEN NuMBER. 


No. 36. Ictops acutidens, sp. nov. 

No. 87. Humys minor, sp. nov. 

Nos. 38 and 39. Cylindrodon fontis, gen. et sp. nov. 
No. 40. Sciwrus jeffersoni, sp. nov. 

No. 41. Steneofiber hesperus, sp. nov. 

No. 42. Steneofiber compleaus, sp. nov. 

Nos, 43, 44 and 45. Palewolagus temnodon, sp. nov. 
No. 46. Hyaenodon montanus, sp. nov. 

No. 47. Hyenodon minutus, sp. nov. 

Nos. 48 and 66. Bathygenys alpha, gen, et sp. nov. 
No. 49. Limnenetes platyceps, gen. et sp. nov. 

No. 50. Limmnenetes (?) anceps, sp. nov. 

No. 56. Oreodon robustum, sp. nov. 

No. 57. Hucrotaphus helene, sp. nov. 

No. 58. Agriocherus maximus, sp. nov. 

No. 59, <Agriocherus minimus, sp. nov. 

No. 60. <Arretotherium acutidens, gen. et sp. nov. 
No. 62. Colodon cingulatus, sp. nov. 

No. 63. Colodon, sp. 
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RESULTS OF OBSERVATION WITH THE ZENITH TELESCOPE OF THE SAYRE 
OBSERVATORY FROM APRIL J, 1876, TO DECEMBER 27, 1898. 


BY CHARLES L. DOOLITTLE. 


Read April 4, 1902. 


In presenting for publication the definitive results of the series of Zenith Telescope 
observations at the Sayre Observatory, mention should be made of the financial assist- 
ance rendered by the Trustees of the Gould Fund of the National Academy and by Mr. 
Robert H. Sayre, the founder of the Observatory. Without this aid the final discussion 
must have been deferred indefinitely. 

Among those who at different times have assisted in the work of computation, I wish 
particularly to mention Messrs. Henry C. Coffeen, H. J. Woods, Henry B. Evans and 
Eric Doolittle. C. L. DooxirrLe. 


In Volume XX, TRANSACTIONS OF THE AMERICAN PurnosopHicaL Society, Article 
III presents the results of observation with the Zenith Telescope of the Sayre Observa- 
tory from January 19, 1894, to August 19, 1895. The brief historical statement there 
given as to the inception and progress of the investigation does not require repetition. 

The present communication consists of three parts, as follows: 

I. Investigation of the coordinates of the stars employed in the latitude work at 
the Sayre Observatory. 

Il. Results of latitude determination from 1876 to 1891. 

III. Results of latitude and aberration from observations extending from October 
10, 1892, to December 27, 1893. 


iE 


The star list is the result of a joint investigation undertaken by Henry B. Evans 
and myself. Of the 254 stars, 74 are found in the new fundamental catalogue of New- 
comb.* The coordinates of the remaining 180 have been deduced from what was 
practically all material existing at the time of the reduction. 


* Catalogue of Fundamental Stars for 1875 and 1900, reduced to an Absolute System. Washington, 1898. 
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In so far as the problem of latitude variation is concerned extremely precise values 
of the stellar co-ordinates are not required, nor is it important to reduce them to a uni- 
form system. In the present case, however, a preliminary reduction of the observations 
showed very appreciable changes in the value of the micrometer during the progress of 
the work. These were probably due to the wearing of the screw as time went on. It is 
believed that the prejudicial effect of this change has been practically removed by deriv- 
ing the screw value from the latitude observations, employing intervals sufficiently small 
to warrant regarding it as constant during the interval. 

If the latitude stars couid have been selected so that the plus and minus values of 
the micrometer correction in each group should exactly balance, no harm would follow 
if small errors of the screw were disregarded. This condition cannot, however, be 
fully satisfied, at least not for any considerable time, as precession would soon destroy the 
equilibrium if such existed. 

| In case this method of treatment is to be free from objection, the Declinations 
| employed must have a high degree of precision. For this reason the matter has received 
a greater amount of attention than would have been necessary otherwise. 

It is hoped, moreover, that the results may prove valuable in lines of investigation 
other than that which was its immediate object. With this end in view the Right 
Ascensions have been reduced with the same care and thoroughness as that given to the 
Declinations. This part of the investigation is the work of Mr. Evans. 

The system adopted is that of Auwers, as found in the Astronomische Nachrichten, 

a Vol. 134, p. 83. It is not to be understood that this system is considered superior to 
that of Newcomb; but since Auwers’ system has been more commonly employed in this 


» 


___ class of investigations, it was thought best to retain it here for the sake of uniformity. 


ig / . Authorities. 


In the list of catalogues employed it is not thought necessary to give more than the 
_ names of those which are generally well known. The works themselves should be found 


in every astronomical library. In case they are not readily accessible, further informa-_ 
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however, such corrections have been applied in all cases where they were available, 
although it would seem that any one who has had occasion to examine somewhat closely 
into this subject, must agree with Newcomb’s conclusion that the correction for system- 
atic errors has in recent times been carried too far. 

As the Declinations were reduced in advance of the Right Ascensions, a number of 
catalogues became available for the latter which were not employed for the former. It 1s 
also to be observed that the list embraces several catalogues which give one coordinate 
only. Where the name is followed by the symbol a, the catalogue has been employed 
only for the Right Ascensions; when followed by the symbol 6, only for the 
Declinations. 

In the explanatory notes s designates the systematic correction in Right Ascension ; 
s’ designates the systematic correction in Declination; p designates the weight of the 
Right Ascension ; p’ designates the weight of the Declination ; ¢ the mean date of obser- 
vation. The system of weights employed will be spoken of in connection with the 
method of reduction. 


Last of Catalogues. 


1, Brapnry. 1755. Neue Reduction der Bradley’schen Beobachtungen aus den Jahren 1750 bis 1762. Von 
Arthur Auwers. St. Petersburg, 1888. 

Mayer. 1755. Tobias Mayer’s Sternverzeichniss nach den Beobachtungen auf der Géttinger Sternwarte in 
den Jahren 1756 bis 1760. Neu bearbeitet von Arthur Auwers. Leipzig, 1894. 

3. FEporENKO’s Lalande. 1790. Positions Moyenne pour Epoque de 1790,0 des Etoiles Circumpolaire, dont 


2 


les observations ont été publiées par Jéré6me de Lalande dans les Mémoires de 1’ Académie de Paris de 1789 et 
1790. ParIvan Fedorenko. St. Pétersbourg, 1854. s=4 (Abo + Bessel’s Bradley); p same as 2; ¢ from 
Histoire Céleste. 

4. Lananpe. 1800. A Catalogue of those Stars in the Histoire Céleste Francaise of Jéréme de Lalande for 
which tables of reduction to the epoch 1800 have been published by Prof. Schumacher. Francis Baily, Esq. 
This catalogue was used for a few stars where other early authorities were wanting or doubtful. For decli- 
nations the places were taken directly from Baily’s Catalogue. p’ 0.1. For right ascensions Von Asten’s 
tables were used. p same as 2; ¢ from Histoire Céleste. 

Bossert (z). 1800, Supplément 4 Histoire Céleste de Lalande. Catalogue de 3950 étoiles ramenées A 
Véquinoxe de 1800. Par M. J. Bossert. Paris, 1892, same as 2. 

6. D’AgELET. 1800. Reduction of the Observations of Fixed Stars made by Joseph Lepaute d’Agelet at Paris in 

1783-1785, with a catalogue of the Corresponding Mean Places referred to the equinox of 1800,0. By B. A. 
Gould. Washington, 1866. 


a 


8 ==) 01.125 

8’ = Piazzi — 1/’.42 0» to XII*. 

8’ = Piazzi + 1//.22 XII* to XXIV*. 
p same as 2, 

7. Prazzr. 1800. Precipuarum stellarum inerrantium Positiones Medie Ineunte Seculo xix ex observa- 
tionibus habitas in Specula Panormitana ab anno 1792 ad annum 1813. Panormi, 1814, ¢ from original 
observations. Right ascensions of stars north of 65° declination not used. 

8. GRoomBRipGE. 1810. A Catalogue of Circumpolar Stars deduced from the observations of Stephen Groom- 
bridge at Blackheath Observatory. Edited by George Biddell Airy, Esq. London, 1838. 


Pal 


28. 


29. 


30. 


31. 
32, 


33. 
384, 
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Dorpat (a). 1814. F. G. W. Struve. Observationes Astronomicas Institutas in Specula Universitatis 
Cxsareas Dorpatensis, Vol. I. 

Dorpat (a). 1815. Catalogus I. 

KOENIGSBERG (¢). 1815. Bearbeitung von Bessels Beobachtungen am Dollond’schen Mittagsfernrohre in den 
Jahren 1818-19. Von Dr. Fritz Cohn. Kénigsberg Beobachtungen, 39 Abtheilung. s —0. 

WEISSE-BEssEt (0). 1825. Bessel’s Zone observations reduced by Maximillian Weisse. This was used fora 
few declinations, usually those for which early determinations were wanting. p —0.1. 

SCHWERD-OELTZEN (a). 1828. The positions were taken from Carrington, No. 43. 

Axo. 1830. DLX, Stellarum Fixarum Positiones Mediz ineunte anno 1830 ex observationibus Abo 
habitas deduxit, Fredr. Guil. Aug. Argelander. Helsingforsie, 1835. ¢ from Davis, Ast. Journal, No. 328. 

PEARSON (0). 1830. Dr. Pearson’s Catalogue of 520 Stars within 6° North and South of the Ecliptic. 
Memoirs R. A. 8., Vol. xv, p. 97. London, 1846. p’=0; 0.1. s/=0. 

CaMBRIDGE. 1830. Airy’s First Cambridge Catalozue. Memoirs R. A. 8., Vol. xi. London, 1859, 

FALLOWS (a). 1830. Results of Observations made by the Rev. Fearon Fallows at the Royal Observatory, 
Cape of Good Hope, in the Years 1829-31. Memoirs R. A. S., Vol. xix, p. 1. 

Ponp. 1830. A Catalogue of 1112 Stars from Observations at Greenwich from 1816 to 1833. London, 1833. 
t was obtained from the original observations in Greenwich Yearly Results. 

Struve. 1830. Stellarum Fixarum imprimis duplicium et multiplicium pro epocha 1830. Petropoli, 1852. 

WROTTESLEY (a). 1830. A Catalogue of the Right Ascensions of 1318 Stars. By John Wrottesley, 
Esq. Memoirs R. A. 8., Vol. x. 

Montoso (az). 1835. Mean Positions of the Stars contained in “Mr. Baily’s Address’’ as determined at 
San Fernando. Memoirs R. A. §., Vol. xii, p. 238. 

Mapras. 1835. A General Catalogue of the Principal Fixed Stars from Observations made at the Honorable 
East India Company’s Observatory at Madras in the years 1830-48. By Thomas Glanville Taylor. 
Madras, 1844. 

RtmxKer. 1836. Mittlere Oerter von 12,000 Fixsternen fiir den Anfang von 1836, abgeleitet aus den Beob- 
achtungen auf der Hamburger Sternwarte von Carl Riimker. Hamburg, 1852. 

KoLuEr (z), 1888. Extract from a letter from M. Marian K6ller, Director of the Observatory at Krems- 
munster . ... accompanying a Catalogue of 208 Stars. Memoirs R. A. §., Vol. xii, p. 373. 

ArMAGH. 1840. Places of 5345 Stars observed from 1828 to 1854 at the Armagh Observatory. By Rev. T. 
R. Robinson. Dublin, 1859. 

Santini (6). 1840. A Catalogue of 1677 Stars included between the Equator and Ten Degrees of North 
Declination, observed at the Royal Observatory of Padua. By Prof. Giovanni Santini. Memoirs R. A. 8., 
Volkl) pr eisa) p! —= 057 0s1 5" 0.2: 

Carr of Good Hope. 1840. The Cape Catalogue of Stars deduced from observations made at the Royal 
Observatory, Cape of Good Hope, 1834 to 1840, and reduced to the epoch 1840 under the superintendence of 
E. J. Stone. Cape Town, 1878. 

GILLIss (az). 1840. Catalogue of Twelve Hundred and Forty-eight Stars observed at Washington between 
October, 1838, and July, 1842. Washington, 1846. 

GREENWIicH. 1840. Catalogue of 2156 Stars formed from the Observations made from 1886 to 1841 at the 
Royal Observatory, Greenwich. London, 1849. 

OnutzEn’s Argelander (a), 1842. Annalen der K. K. Sternwarte in Wien. Bd.i. Wien, 1851. s same as 
Abo ; p same as Riimker ; ¢ from original zones. 

GREENWICH. 1845. Catalogue from observations from 1842 to 1847. 

Paris. 1845. Catalogue de l’Observatoire de Paris. Etoiles observées aux Instruments Méridiens de 1887 A 
1853. i 

PouLKova (a). 1845. Etoiles observées occasionnellement. St. Pétersbourg, 1875. 

Rapeurrre. 1845. The Radcliffe Catalogue of 6317 Stars chiefly ‘Circumpolar reduced to the Epoch 1845. 
Formed from the Observations made at the Radcliffe Observatory under the Superintendence of Manuel 
John Johnson. Oxford, 1860. 
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OupEMANS (0). 1849, Dissertatio Astronomica Inauguralis exhibens Observationes ope Instrumenti Tran- 
sitarii partabilis institutas. .... Lugdini-Batavorum, 1852. 

Cart or Goop Horr. 1850. Catalogue of 4710 Stars for the Epoch 1850, from Observations made at the 
Royal Observatory, Cape of Good Hope, during the Years 1849 to 1852, under the Direction of Sir Thomas 
Maclear. 

Gituiss. 1850. A Catalogue of 1963 Stars and of 290 Double Stars observed by the U. 8. Naval Astronomers 
during the Expedition to the Southern Hemisphere. Appendix i to Washington Yearly Observations for 
1868. 

GreENWIcH. 1850. Catalogue of 1576 Stars formed from Observations made during Six Years, from 1848 to 
1853, at the Royal Observatory, Greenwich. 

Mapras. 1850. A Subsidiary Catalogue of 1440 Stars selected from the British Association Catalogue, 
reduced to Jan. 1, 1850, from Observations made at Madras in the Years 1849-58. Madras, 1854. 

RimKer. 1850. Neue Folge der mittleren Oerter von Fixsternen ftir den Anfang von 1850, abgeleitet aus 
den Beobachtungen auf der Hamburger Sternwarte von Carl Rimker. Hamburg, 1852-59. 

SonntTaac(a). 1850. Mittlere Oerter fiir 1850 von Vergleichsternen zum Cometen I 1850. Ast. Nach., Bd. 
xxxiv. p same as 32; s = .050. 

WrotTTEsLEY (a). 1850. A Catalogue of the Right Ascensions of 1009 Stars contained in the Catalogue of 
the British Association for the Advancement of Science..... By Lord Wrottesley. Memoirs R. A. 8., 
Vol. xxiii. 

CaRRIneToN. 1855. A Catalogue of 3735 Circumpolar Stars observed at Redhill in the years 1854, ’55 and 
’d6 and reduced to the Mean Position for 1855. By Richard Christopher Carrington. p sameas 13. 

Mapras. 1855. <A Catalogue of 317 Stars .. . . deduced from Observations at Madras. Memoirs R. A. S., 
Vol. xxii. 

Moesta, 1855. Observaciones Astronémicas hechas en el Observatorio Nacional de Santiago de Chile en los 
Afias de 1858, 1854 y 1855. Vol. i. Santiago, 1859. 

Moscow. 1855. Catalogue des étoiles observées par M. Drachoussoff. Annales de l’Observatoire de Moscow, 
Vol. vi. s same as Nautical Almanac; p same as 53. 

PounKova. 1855. Positions Moyenne déduites des observations faites au cercle méridien 1840-1869 et rédu- 
ites a l’époque 1855, 0. Observations de Poulkova, Vol. viii. St. Pétersbourg, 1889. 
Care or Goop Horr. 1860. The Cape Catalogue of 1159 Stars, deduced from Observations by Sir Thomas 

Maclear at the Royal Observatory, Cape of Good Hope, 1856 to 1861. Cape Town, 1893. 

SANTINI (J). 1860. Posizioni Medie di 1,425 Stelle, dedotte dal osservazioni fatte dal defunto Prof. Trettenero 
1861-65. Venezia, 1870. p’/—0; 0.1; 0.2. 

GREENWICH. 1860. Seven Year Catalogue of 2022 Stars deduced from Observations extending from 1854 to - 
1860 at the Royal Observatory, Greenwich. 

Moscow. 1860. Resultate aus der Zonen-Beobachtungen am Meridian Kreise der Moskauer Sternwarte 
wahrend der Jahre 1858-69. I Zone 0°-4°, Memoirés de 1’ Académie Impériale des Sciences de St. Péters- 
bourg, viii Série: Classe Physico-Mathematique, Vol. I, No. 5. s same as Poulkova, 1855; p same as 53. 

Paris. 1860. Catalogue de l’Observatoire de Paris. Etoiles observée de 1854 & 1867. 

RapcirFE, 1860. Second Radcliffe Catalogue, containing 2386 Stars deduced from observations extending 
from 1854 to 1861 . . . . Oxford, 1870. 

YARNALL. 1860. Catalogue of Stars observed at the United States Naval Observatory during the years 1845 
to 1877, Third edition revised. ... . Washington, 1889. 

PovuLKova (). 1862. Observations faites 4 1’Instrument des passages établi dans le Premier Vertical. Oom. 
Observations de Poulkova, Vol. iii, pp. 223-2388. 


GREENWICH. 1864. New Seven Year Catalogue of 2760 Stars, deduced from Observations extending from 
1861 to 1867 at the Royal Observatory, Greenwich. 


BRUSSELS. 1865. Catalogue de 10,792 Etoiles observée 4 1’Observatoire Royal de Bruxelles de 1857 4 1878 
.... Par Ernest Quetelet, Bruxelles, 1887. 
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58. PounKova (a). 1865. Ascensions droites Moyenne des étoiles occasionnellement observées pour 1865, 0. 
Observations de Poulkova, Vol. xii. ° 

59. ScHJELLERUP(c). 1865. Stjernefortegnelse indeholdende 10,000 Positioner af Teleskopiske Fixstjerner 
imellem — 15 og + 15 Gradus Deklination. Kjobenhavn, 1864. s same as Nautical Almanac interpolated 

as follows: s = 1860 + 7% (1875-1860) ; p same as 538. 

60. Guascow. 1870. Catalogue of 6415 Stars for the Epoch 1870, deduced from Observations made at the Glasgow 

University Observatory during the Years 1860 to 1881 . . . . By Robert Grant. Glasgow, 1883. 

61. Mextzourne. 1870. First Melbourne General Catalogue of 1227 Stars for the Epoch 1870 deduced from Obser- 
vations extending from 1863 to 1870, made at the Melbourne Observatory. Melbourne, 1874. 

62. GREENWICH. 1872. Nine Year Catalogue of 2263 Stars deduced from Observations extending from 1868 to 

. 1876, made at the Royal Observatory, Greenwich. 

) 63. ASTRONOMISCHE GESELLSCHAFT Zones. 1875. These include all of this series of catalogues published, 

together with the places of those stars found in the Leyden, Lund and Dorpat Zones, those of the earlier 

and later Lund Zones being combined separately. pis taken the same as Paris, *75; p’ = 1. throughout 

the series. ' 

i 64. Armacu. 1875. Second Armagh Catalogue of 3300 Stars for the Epoch 1875, deduced from Observations made 

iy at the Armagh Observatory during the Years 1859 to 1883. .... Dublin, 1886. p same as 60. 

65. Brecker. 1875. Resultate aus Beobachtungen von 521 Bradley’schen Sternen am grossen Berliner Meridian- 
kreise von Dr. E. Becker. Berlin, 1881. 

| 66. CorpoBa. 1875. Catélogo General Argentino. Cordoba, 1886. 

} 67. Dunstnx. 1875. Mean Places of 321 Red Stars deduced from Observations made with the Meridian Circle at 
; Dunsink. > . Dublin, 1882. s=—0; p same as Paris, ’75. 


68. WaAsHINGTON. 1875. The Second Washington Catalogue of Stars... . prepared under the Direction of 
@ J. R. Eastman. 
ay 8 obtained through Newcomb’s system. 
SR = 00 3a trom) =) 00 = 40° 
Se = .00 40° 50° 
ui | oe =o eee 90° 
a ae 69. GorrincEN. 1875. Mittlere Oerter der in der Zonen — 0° und — 1° der Bonner Durchmusterung enthal- 
ays _,  tenen Sterne.. «%. Géttingen, 1869. s same as for Nautical Almanac as follows: 8 = 8g + 785 (Sis1s 


a. an —Sjgg9) 5 p Same as Glasgow, ’70. 
= Cae 70. Harvarp. 1875. Catalogue of Primary and Secondary Stars observed during the years 1870-1879 with the 


| a om Meridian Circle of the Harvard College Observatory. Cambridge, 1886. ; 
. ss 41, ~Parrs. 1875. Catalogue de l’Observatoire de Paris. Eitoiles observée de 1868 & 1881. 


22 eS ete. Poutkova. 1875. Catalog von 5634 Sternen fiir die Epoche 1875.0 aus den Beobachtungen am Pulkowaer 
¥ 7 -Meridiankreise wahrend der Jahre 1874-1880 von H. Romberg. St. Pétersbourg, 1891. 


3 Y acy SrockHoim. 1875. Results of meridian observations found in the first five volumes of the publications of 
yf _-—s the Stockholm Observatory. p same as Paris, 75. : 
14, RespicuHi (0). 1875. Catalogo delle Declinazione Medie pel 1875.0 di 1463 Stelle comprese fra i paralleli ao 
p 20° e 64° nord. . . . . Roma, 1880. r 


7 a aie oF Goop Ces 1880. Catalogue of 12,441 Stars for the Epoch 1880 from Observations made at the 
ya ory, be of nGood aL aaa the Years 1871 to gers ‘By parang J. Bienes: London, ee 
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79. Municu (a), 1880. Erster Minchener Sternverzeichniss erhaltend die Mittleren Oerter von 33,082 Sternen. 
Miinchen, Neue Annalen, Bd. i. p same as 60. 

80. Dr Batt (4). 1880. Declinationen von 200 Sternen innerhalb der Zone + 49° bis 51°, nach Beobachtungen 
im ersten Vertical am Passagen-instrumente der Herzoglichen Sternwarte zu Gotha. Ast. Nach., Bd. ci, 
3538. 

81. Cape or Goop Horn. 1885. Catalogue of 1718 Stars for the Equinox 1885,0 from Observations made at the 
Royal Observatory, Cape of Good Hope, during the Years 1879 to 1885. 

82. Hanrzer. 1885. Resultate aus Beobachtungen am Meridiankreise der Herzoglichen Sternwarte zu Gotha. 
Ast. Nach., Bd. cxxvii, 170. s=0; p=4 that of 76. 

83. Kasan (0). 1885. Les Observations faites 4 l’instrument des passages établi dans le premier vertical. Kasan 
Observations for 1893. 

84, Karisrune. 1885. Lists found in the first four volumes of the publications of the observatory. s=0; p 
same as Radcliffe, '60. 

85. WaAsHBURN (0) 84, ’85. 1885. Publications of the Washburn Observatory, Vol. iv. 

86. SaFForD (a). 1885. The Williams College Catalogue of North Polar Stars. Williamstown, Mass., 1888. 

87. Nyrin (5). 1887. Declinationsbestimmungen einiger Helleren Sterne zwischen + 18° und + 26° am 
Pulkowaer Verticalkreise. A. N., No. 2904, Bd. 121. 

88. CarEeor Goop Horr, 1890. A Catalogue of 3007 Stars for the Equinox 1890 from Observations made at the 
Royal Observatory, Cape of Good Hope, during the Years 1885 to 1899. 

89. Cincinnati. 1890. A Catalogue of 2000 Stars for the Epoch 1890. Publications of the Cincinnati Observa- 
tory, No. 13. p same as Paris 75. 

90. Dunsrnx. 1890. Mean places of 717 Stars deduced from Observations made with the Meridian Circle at 
Dunsink. Dublin, 1896. s=0; p same as 71. 

91. Guascow. 1890. Second Glasgow Catalogue of 2156 Stars for the Epoch 1890 Redaced from Observations 
made at the Glasgow University Observatory during the Years 1886 to 1892. Glasgow, 1892. 

92. KtstnerR. 1890. Verdffentlichung der Kéniglichen Sternwarte zu Bonn, No.2. s=0. 

93. Rapcuirre. 1890. Catalogue of 6424 Stars for the Epoch 1890, Formed from Observations made at the 
Radcliffe Observatory, Oxford, during the Years 1880-1893. 

94. BarTEeRMANN. 1895. Resulte aus Beobachtungen von 379 Anhaltsternen und 1640 durch Anschluss 
bestimmten Sternen, angestellt in den Jahren 1892-1897 am Grossen Berliner Meridiankreise von Dr. H. 
Battermann. Berlin, 1899. s=0. 

95. Crxcrnnatt. 1895. Catalogue of 2030 Stars for the Epoch 1895. Publications of the Cincinnati Observatory, 
No. 14. 8s=0; psameas 71. 

96. TucKER (¢). 1895. Meridian Circle Observations of 310 drandard Stars. Publications of the Lick Observa-_ 
tory, Vol. iv. Sacramento, 1900. 

97. Tucker (4), 1897. The entire list of stars was very carefully observed by R. H. Tucker, of the Lick Obser- 

vatory, in the years 1896 and 1897. It was intended to publish the results of these observations in full in 
this connection, but the preparation of this work has been so long delayed that it now appears superfluous, 
in view of the fact that a much more detailed report than could be given here will appear in a forthcoming r 
publication of the Lick Observatory. The following note is by Mr. Tucker : | 


“Each star was observed twice in each position of the instrument, fixed circle East and West, and , 

“the greater part of the stars above 70° were similarly observed at both culminations. 
ay 4% “The places were reduced with the Declinations from the calslogie of Louis Boss Declinations 

“« Hived Stars, U. 9. Northern Boundary Commission, 1879. 

“The probable error of a single observation is + 0//. 18. ‘The probable erro 
“mean of four, in the two positions is + 0//, 12, including the effect of graduation 
The reduction to Auwers’ ou has bec en applied and the : sult hav eon 

4: * y 


. ~ 
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99, Dunstnx. 1900. Mean Places of 1101 Stars deduced from Observations made with the Meridian Circle at 
Dunsink, Dublin, 1899. same as Paris, ’75. 
100. Kistner (2), 1900. Verdéffentlichung der Kéniglichen Sternwarte zu Bonn, No. 4. 


Yearly Serves. 
101. 1835-1869. Epinsureu. Astronomical Observations at the Royal Observatory, Edinburgh. 
102. 1836-1869. CamBripe@Er. Astronomical Observations made at the Observatory of Cambridge. 
103. 1862-1876. RapctirFre. Results of Astronomical Observations made at the Radcliffe Observatory. 
104, 1862-1887. Mapras. Meridian Circle Observations. 
105. 1879-1882 (c). Brusszus. Annales de l’Observatoire Royal de Brusselles, Nouvelle Series. 8s same as 
Nautical Almanac; p same as 57. 
106. 1887-1896. GreeNwice. Annual volumes. 


Method of Reduction. 


Approximate positions for 1875 were obtained from whatever source was available. 
Many of these were the result of a previous reduction, and with very few exceptions the 
assumed places differed from the final values only by fractions of a second. The 
assumed proper motions were in part the result of a previous reduction, others were 
taken from Auwers’ Bradley and other sources. 

These assumed coordinates were then reduced to the epoch of the various catalogues 
in which the star was found, using for this purpose the formula 


= ayers + [ S| (7 — 1875) + 4 | SS | ce — 1875)" + 4 [ SF | @ — 1875) 


a being the Right Ascension or Declination of any star. 
¢ the epoch of the catalogue. 
The formule for the differential coefficients for the epoch 1875, using the constants 
of Struve and Peters, are as follows, in which 
a = the Right Ascension. 
6 = the Declination. 
uw = the Proper Motion in Right Ascension. 
lw’ = the Proper Motion in Declination, ~ 


= 2507225. [0.126115] sin a tan 3 +p. 


& = [1.302206] cos a + w’. 
= [5.988] w cos a tan 6 + [4.812] w’ sin a sec? 5 + [4.99] ww’ tan 0. 
iE tan 5 + 0.000 032 210. | 


= [4.63380,] (4 —#) + [5.98778] (“4 ++) cosa tan § + [4.81169](4- +" )sina’sec?S 
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For ae the Right Ascension and Declination were reduced to 1825 and 1925, using 
a 
for this purpose the first and second differential coefficients already computed. og Was 


then derived for these dates, the differences giving ee with all necessary precision. 
For checking these values the tables given by Gould* were employed from 0° to 12°, 
neglecting proper motion. From 12° to 24 the tables of Oppolzer} were similarly 
used. 

As already stated the catalogue places were reduced to Auwers’ system whenever 
the necessary corrections were available. A correction for proper motion was also 
applied in all cases where the necessary data could be found. 

Letz be the epoch of the catalogue, 

~ the mean date of observation, usually different from 7, 
w’’ the proper motion employed in forming the catalogue, 
w the proper motion assumed in this discussion, 

The correction will be (¢ — ¢) (uw — w’) = 6,a. 

It is perhaps superfluous to state that both ¢ and w’’ are unknown in case of many 
of the older catalogues. 

Let n be the difference between the corrected catalogue place and the assumed place, 
reduced as above explained to the epoch of the catalogue, 

Then each catalogue furnishes an equation of the form 


Vp (Aa + TAu = mn) 


In which p_ is the weight of the catalogue place, . 
Aa the correction to the assumed Declination, or Right Ascension, 
Au the correction to the assumed proper motion, 
T = 1875 — t. 
A least square solution gives the most probable values of Aa and Au. 
The method of solving the equations is one very commonly employed in cases like 
this and is as follows: 
Let % be the weighted mean of the catalogue epochs, or of the epoch of observa- 
tion when this differs from that of the catalogue, | 
br be t, the epochs of the respective catalogues, 
4, 1, T.=G—4) @=)) SG 
2pT should be zero. 
* Catalogo de Las Zonas Estelares, Appendix, Table iv, Cordoba, 1884. In using this table it must be 


remembered that the value of p’ as given in column four should be doubled. See Ast. Nach., Bd. 187, p. 295. 
+ Lehrbuch zur Bahnbestimmung der Kometen und Planeten, Vol. i, Table XII. 
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Then we have 


AG pn ING 2pTn 
=p >a) 


Check Spvv = Spnn — (Spn) Aa — (Sp Tn) Au 
Aa for 1875 will be the above Aa + (1875 — t) Au. 
An example follows which will illustrate the various steps in the process : 


= 
owes o CUR Co Or 


Star. Assumed Ooordinates and proper motion for 1875.0. 
B A C 3140 a= 9» %™ 10°87 » =-+ .0056 
0 = 540 32/ 11.15 wu’ = -+ .068 
Catalogue. T t oe pl! n p pt pn T pL ptn pie v 
Bradley 1755 154.2 | 3 |-+.0056|—0.009] .8 | —13.74/—0.0027/—103.22|—-30.97|+-.0.2790|+-3199.20|—0.063 
Piazzi 1800 |04.83] 9 +0.261) .08] + 0.39/+0.0209\— 52.59|— 4.21|—1.0962]  220.92/—0.300 
Groombridge [1810 08.8 | 6 —0,244| .2 1.76|—0.0488|— 48.62\— 9.72)+2.38668|  471.42/-.0.208 
Dorpat 1814 14.11] 2 0.212). .2 2.82/—0.0424\— 43.31|— 8.66/+1.8444|  376.71/+0.179 
Pond 1880 31.54/13 +0.070} .4:| _12.62/+0.0280'— 25.88|—10.385|—-0.7280|  269.36|—0.091 
Madras 1835 11 +0.042} .3 10.50|+-0.0126|— 22.42|— 6.73/—0.2814) 150,08/—0.061 
Riimker 1836 6 —0.040} .2 7,20/—0.0080\— 21.42|— 4.28/+0.1720] — 99,92/-+-0.022 
Armagh 1840 34.74] 2 0,006} .1 3.47/+.0.0006|— 22.68|\— 2.27/—0.0138]  59.91/—0.025 
Gilliss 1840 41.85] 1 |-+.011 |—0.010} .05) — 2.09/—0.0005|— 15.57|— 0.78/+-0.0080] 42, 48| 0.005 
Edinburgh 1842 |42.18] 5 +0.225] .5 | 21.09/-++-0.1125|— 15.24\— '7.62\—1.7100| 115.52|—0.289 
Oeltzen’s Arg’er|1842 /42.12| 1 —0.118} .05| 2.11|0.0059|—. 15.30|\— 0.77/-4.0.0944) — 49.94/+.0.104 
Greenwich 1845, |44.87) 6 |-+.011 |0.186| .7 31.41/—0.1302|— 12.55|— 8.'79|11.6368]  110,88/-+0.173 
Radcliffe 1845 47.9 | 7 |+.004 |40.103} .9 |  43.11/+0.0927\— 9.52/— 8.57/—0.8858 81,'70|—0.114 
Paris 1845 |41.6 /18 —0.043} 1.1 45.76|—0.0473\— 15.82|—17.40/+0.7482]  9'74,92/-+0.028 
Poulkova 1855 /47.80| 5 |+.0056|—0.086/ 1.0 | 47.80/—0.0860— 9.62/— 9.62/10.8256]  92,16|+-0.075 
Greenwich 1860 {59.5 | 3 |+.004 |—0.013] .9 53.55|—0.0117|+ 2.08/-+ 1.87/—0.0247 3.99|-+ 0.010 
Radcliffe 1860 (59.2 | 4 |+.004 |—0.003| .4|  23.68/—0.0012/+ 1.78/-+ 0.71/—0.0021 1.26}  .000 
Yarnall 1860 |72.5 | 4 —0.112} .% | 50.75|—0.0784/+ 15.08/+-10.56|—1.1872]  160.06/-+0.117 
Brussells 1865 |66.00} 4 40.032] 1.1 72.60|-++0.0852/-- 8.58/-+ 9.44|--0.3008]  80.84\—0.031 
A. G. Zones 1875 75.2 | 2 —0.131| .3 |  22.56/—0.0393/+ 17.78/+ 5.33|\—0.6943}  94,34/-+.0.188 
Paris 1875 (81.2 | 2 +0.039) .8 | 24.36/+0.0117|+- 23.'78/-+ 7.13|+-0.2769]  168.98|—0.028 
Stockholm 1875 /75.53] 8 —0.130} .4]  30.21/—0.0520/+ 18.11/+ 7.24|—0.9360| 180.39|-+0.187 
Madras © 1878.40)78.61| 5 0.098] .5 39.31/-++0.0490|- 21.19/-+10.60/+-1.0388)  224.'72/—0.089 
Greenwich 1880 84.24) 7 |+-.0056/+-0,045] 2.9 |+244.30/+0.1305/+ 26.82/-+77.78/+-3.5010) 2085.04/—0.032 
13.58) '779.'71|—0.0607 — 0.08|-+5.5322|+-8481.87 
=p xpt xpn xpT | xpTn xp T? 
2 = 

Se Li — 57.42 Epo = 0.1277 

13.5 Zpn? = 0.1815 

Weighed mean date = 1857.42 —(Zpn) Aa = —0,0008 

— (Zp7'?) Au = — 0.0086 

— 0.0607 
AG = — — 0.5 Y 
Ce ae 0.90045 Check 0.1276 
5.5822 
(Eee pre a we 8 
Faria) tem Mra 


Adygrs = —0.0045 + (0,00065 x (1875 — 1857.42)) = + 0.0069 


Assumed a Oe me Or ois: 
Final value Soe = 1 OSs * 


iS) 
Assumed / ++ 0.0056 
Final value + 0.00625 
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Catalogue. T t a pl n Pp pt pn ie pT pT? pTn 
1 Bradley 1755 |52.2| 6/+-.068/+-0.08] .6|— 28.7|4+ .018/—1.05\— .630)++ .662/— .019 
2 Piazzi 1800 |04.9| 7% +0.24} .8)+ 1.5)+ .072;\— .53)— .159 .084;\— .038 
3 Lalande 1800 +1.77} .0/-+ 0.0/— .000|— .58)— .000) .000\— .000 
4 Groombridge 1810 |09.5| 6 —0.82| .6)+ 5.7|\— .492\— .48|\— .288 138|-+ .236 
5 Pond 1830 |81.9] 20 —0.13} 1.0)+ 31.9|— .130/\— .26/— .260 068\+ .034 
6 Taylor 1835 11)+-.02 |—0.51) .5/+ 17.5|— .255)— .22/— .110 024/+ .056 
q Riimker 1836 6 +1.80) .5/-+ 18.0/-+ .650\— .21/— .105 022/— .136 
8 Edinburgh 1840 |40.2} 3 —0.02} .8/+ 12.1/— .006/— .17/— .051 009/+ .001 A 
9 Armagh 1840 (52.2) 5 —0.48) .5/-+ 26.1;/— .240)— .05|— .025 001|/+ .012)—. 
10 Greenwich 1840 {40.0} 21 +0.66} 3.0/+120.0|+1.980/— .18/— .540 097/— .856/++ . 
11 O’ Argelander 1842 +0.26) .0-+ 00.0 — .000\— .16— .000} .000/— .000)+ . 
12 Greenwich 1845 [44.0] 32/+.02 |-+-0.24| 3,0/+182.0/+ .720)\— .14\— .420 .059|— .101\+ . 
13 Radcliffe 1845 |46.8! 13/+.06 |—0.87| 2.0/-+ 93.6|,—1.740|\— .11/— .220}  .024/+ .191/— . 
14 Paris 1845 |39.5] 6 +0.41} 2.0) 79.0\+ .820/\— .18/— .360 .065)— .148/+ . 
15 Poulkova 1855 |47.8} 5|+.068),—0.55) 2.0/\+ 95.6|—1.100/— .10|— .200 .020/+ .110/— . 
16 Greenwich 1860 |59.5| 3/+.06 |+0.05| 1.0/4+ 59.5|/-+ .050/+ .02)/+ .020) .000/+ .001/+ . 
17 Yarnall 1860 |59.7) 8 +0.48) 1.5/+ 89.6/+ .720/4+- .02/+ .030)  .001/+ .014/+ . 
18 Paris 1860 63.8) 18 —0,81) 2.0/+127.6/—1.620/+ .06/+- .120 .007/— .097\— .7 
19 Brussels 1865 |66.2) 4 +0.45] 1.0/-+ 66.2/-+ .450/-+ .09/+ .090)  .008/-+ .040/+ . 
20 Ast. Gesellschaft 1875. (75.2) 2 —0,26} 1.0/+ 75.2;— .260/+ .18/+ .180)  .082}— .047/— . 
21 Paris 1875 |81.2) 2) —0.11} 1.0)+ 81.2)— .110)+ .24/+ .240 058/— .026/+ . 
22 Respighi 1875 |'76.1) 22) —0,12} 1.5/-+114.2;— .180/+ .19/+ .285 054/— .034/— . 
23 Stockholm 1875 |75.2) 1 —0,26} .8/-+ 22.6/— .078/+ .18/+ .054;  .010)— .014)— . 
24 Madras 1878.4/78.6) 5 +0.79| 1.5/+117.9/+1.185)+ .21/+ .315) .066/+ .249/+ . 
25 Greenwich 1880 |84.0} '7/+-.068|—0.21] 2.0/+-168.0\— .420/-+ .26/+ .520 135|— .109/— . 
26 Kasan 1885 3/-++.068)—0.23] 1.0/4 85.0/— .230)+ .28/+ .280)  .078)— .064;— 
27 Tucker 1897 |97.0| 4 —0.42} 3.0/+-291.0|\—1.260/+ .40/+1.200}  .480/— .504/— 
33.1] 1902.3|—1.456 — .034)/+2.202/—0.749 
Zp| Xpt | Lon spl | XpT? | spTn 
ae 1902.3 __ BID dpe? = + 8.74 
33.1 Spn* = + 9.05 
Weighted mean date 1857.5 —(Xpn) Ad — .06 
1.456 — (pin) Ap’ — 2 
A= — 2 — — Ov 
BBull he Check 8.74 
0.749 . 
A me me ee LEE 
‘ 2.202 ee 


Au’ is here the correction to the centennial proper motion. 


Adjex5 = — 017.044 — (.0034 x (1875—1857.5) ) = — 0””,104 
Assumed 0 549 82!  11//,15 
Final value 54° 32/ 11/.05 
Assumed = + 0.068 


Final value +. 0.0646 
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Weights. 


In case of the Right Ascensions the weights have been taken from Auwers’ values, 
. Astronomische Nachrichten, Bd. 151, for all authorities found there. For other cases the 
attempt has been made to conform as closely to this system as practicable. 

For the Declinations the system of weights is nearly the same as that given by 
Davis.* The most noticeable differences between the weights here employed and those of 
Newcomb are, first, the greater value assigned by Newcomb to the Poulkova and Wash- 
ington catalogues; and second, in general the greater increase in weight corresponding to 
an increase in the number of observations. This last feature is not usually very con- 
spicuous in the present discussion, as there are comparatively few cases where the number 
of observations is large. For the purpose of comparison the weights assigned by New- 
comb to the authorities employed in the above example are given below, together with 
such as are given by Boss} in connection with his investigation. 


1-|2)3]41]5]6]71 8] 9] 10] 11] 12] 13] 14) 15] 16] 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 
W cht. here used| .6] .3) .0| .6/1.0) .5} .5) .3) .5/8.0) .0/8.0/2.0/2.0/2.0/1.0/1.5/2.0/1.0/1.0/1.0/1.5} .3/1.5/2.0/1.0/3.0 
Newcomb 5 .4/1.0 (0) 4.0 5.0/1.5/2.5 2.5 2.0 

3 Boss cat a} atsll eal (oy) Sey UR 2.5) .6/1.0/3.0/1.0) .7/3.0/1.5 


This comparison will illustrate the different conclusions which have been reached as 
to the relative merits of some of the authorities. It is not claimed that the weights here 
employed are in all.cases the best, but the effort has been made to follow a consistent 
system throughout in order to reach results which shall be so far as_ possible 
homogeneous. ‘ 
The Star List. a 


The list of 254 latitude stars which follows includes 74 which are found in New- 
~ comb’s new Fundamental Catalogue. The places of these have been taken directly from 
that publication, applying the reduction to Auwers’ system as explained below. Polaris 
is an exception, the position being taken without change from Newcomb. There are also 
_ three stars given in Davis’ paper before referred to.—The Declinations and Proper 
_ Motions of Fifty-six Stars—the declinations of these have been taken from that publication. 
The coordinates of the remaining stars—180 right ascensions and 177 ean 
—have been derived as explained i in the preceding pages. ae ae 


nb’s system i is no doubt gael to that of Auwers’ ane the fon n that 


292 THE SAYRE OBSERVATORY. 


it represents more closely the actual state of the celestial sphere, it is very desirable 
that we should be able to refer our coordinates to that system. This may be very readily 
done by employing the formule and tables given by Newcomb for passing from one 
system to the other. ‘These are reproduced here for the convenience of any wishing to 
make the change. The reduction of the declinations to the system of Boss is also 
included. 

In what follows N refers to the system of Newcomb, 

A refers to that of Auwers. 
On page 156 of Newcomb’s memoir is given for the difference of the Equinoxes 


N = A-+ £006 + *.00100 (7 — 1875) 


Combining this with the difference depending on the Declinations, page 165, the 
reduction in Right Ascension for any time 7’ has the form 


(7 — 1875) 


N= A+ a+ due 


with a similar expression for the Declination. 

In the table, divisions A and B give the data for reducing the Right Ascensions and 
Declinations respectively from the system of Auwers to that of Newcomb; C for 
reducing the declinations to the system of Boss. 


A B © 
Declination. 
Aa Au Ad Au! Ad Ap! 
” ur wt “ut 
spies s 5 400 =) BF — .04 4. 50 
80 — 017 + 119 + .03 A As eT + .30 
15 — .008 + 127 + .04 + .46 116 +» £27 
70 — .000 + .129 = ei a 238 — 18 --i=.10 
65 -+ .004 +. 127 +. 08 4 27 — 14 — .00 
60 + .005 a} 1124 + .09 at LOR = 10 asp 10 
55 + .005 -t-. 5198 1-519 =t- 4,82 S600 =r 10 
50 + .002 SO} eee + ,36 04 10 
45 = 014 ll +. .30 + .09 seats, — .35 
40 = O1g + .109 Heese =e; ae en 08 — 1.20 
35 — .009 + .096 ae") — 86 "106 Wes 
30 — .004 + .090 + .26 — 81 + .05 — 1.22 
25 + .004 + .091 AeA eos + .06 = 118 
20 + .006 + .093 et — +04 + .09 Sy 
15 + .009 + .094 1 — 1:00 ic — 1.36 
10 + .011 + .098 A .36 — .98 + .18 — Lol 
ee + .012 + .1038 A236 a) ae .10 aired 
0 + .012 + .108 + .39 — .80 + .20 — 1.16 
at + .012 + .118 4. .49 ren hits + .28 — 1.14 
— 10 + .010 + 148 + 155 = 80 + .34 — 1.25 
— 15 + .010 a eg + 4 ie Js -48 ie oO 
— 20 + .009 ite + .89 oe ed ae 5S Eso 
— 25 + .009 + 125 + .99 me | dd + .66 seh} 
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The reduction for proper motion is the second term in each of the above expressions. 
For example, for Declination 80° 


Oya + 00119 (7 — 1875) 
ya + 0045 (T— 1875) 


My =, + 0080 (7 — 1875) 


The results of a direct comparison of the stars common to the catalogues of New- 
comb and Auwers will be found in No. 3742, Astronomische Nachrichten, in an article 
by Dr. Fritz Cohn entitled “ Vergleichung des Newcomb’schen Fundamenentalcatalogs 
mit dem Auwers’schen A. G. C.” 

In the pages which follow the column headed B. A. C. gives the number corresponding 
to the star’s place in the British Association Catalogue, with the exception of five not 
found in that publication. The magnitudes are from various sources and do not claim 
great precision. The column headed A gives the number of authorities employed in 
deducing the corresponding coordinate. Where N or D occurs in this column it im- 
plies that the corresponding coordinate is taken from Newcomb or Davis, as the case 
may be. | 

The differential coefficients include the proper motions « and w’ in accordance with 
the formule given on page 287. 

To illustrate the reduction to any epoch, let the Right Ascension and Declination of 


No. 3 be required for 1755: 


1755 — 1875 = — 120 


Therefore 
dytgg = 0" 10™ 33°.963 — 120 x 3°.11489 + 4 (120)? x 0°.0002643 + 0°.019 x (— 1.20)%. 
= 0h 4™ 225.046 
Sings == 87° 59! 14/789 — 120 X 20//.0272 + § (120)? x (— 0'/.000295) — 0/7.175 x (— 1.20) 
— 37° 19/ 9//.80 


Auwers’ Bradley gives 


@ = 0° 4™ 228.08 
d = 37° 19/ 10/’.0 


Jo EE SAO By BOK VIS 
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Definitive Positions 1875.0. 


BRrAREC: Mg 
1 16 5.1 
2] LL 220 7.5 
3 52 5. 
4 *60 6.2 
5 99 6.5 
6 126 4.2 
yi] 194 5.6 
8 222 4.6 
9 259 3.9] 
10 318 5.0} 
11 361 a 
12 394 6.7 
18 360 2. 
14 413 6.7 
45 48 6.0 
16 459 7.0 
17 480 4.2] 
18 502 4.9] 
19 592 5.8 
20 611 5.6 
21 656 3.1 
22 706 6. 
23 744 4.6 
24 780 6.5 
25 816 6.5 
26 872 oy 
27 916 6.0 
28 963 We 
29 981 5.0 
30 993 6.0 
31 1050 6.5 
82 1068 3.8] 
By} 1119 6.4! 
84 1144 4.6 
35 1221 6.0 
86 1237 4.9 
By 1274 5.8 
388 1286 5.6 
389 1307 5.6 
40 1364 6.5 
41 1425 6.0 
42 1444 5.9 
43 1486 3.3 
44 1496 6.0 
45 1536 4.2 
46 1555 R20) 
47 1568 5.8 
48 1583 6.7 
49 1598 6.8 
50! *1611 5.0 
51 %*1625 7.0 
52 1687 ad 
53 1662 6.4 
54 1706 6.3 
55 1751 65 


a 1875.0 


hm 8 

0 38 49.785 
10 12.247 
10 33.963) 
125 7-151) 
21 28.282 


0 25 54.538 
37 25.783 
42 11.898 
49 49.230) 

1 00 50.736 


1 6 30.266 
12 45.5538 
12 59.80 
17 7.878 
21 57.528 


2 2 6.635 


430 4.391 
33 30.448 
43 3,312 
46 30.153 
52 18.315 


4 56 54.74y 


5 0 3.774 - 


1 53.740 
6 30.813 
5 6 45.382 


5 9 25.519 
18 25.625 
22 8.816 


23 1.262 
29 55.061 


+ 8.09580 | 
3.19214 
3.11489 
3.13969 
3 11329 


a4 


3.01720 
3 93545 
20.8603 
3.21167 
4.35677 


+ 


3.17059 
8.49478 
8.51639 
8.26527 
86499 


-l- 


He CO 


+ 3.54888 
3.88707 
4.84970 
3.27527 
4.24693 


co 


3.51532 
3.84960 
3.87871 
3.84883 
3.95407 


6.09182 
3.24316 
3.38265 
5.41987 
8.038321 


4.95181 
3.48607 
5.23925 
4.47574 
3.80681 
4.70174 
3.74561 
3.25165 
7.52098 
5.380905 


-+- 


3.56872 
3.54044 
5.55689 
9.34113 
8.18271 


++ 3.50302 
3.21446 
18.55094 
7.98044 
5.99596 


- 


@a (100)8 da a3 @8 —‘|(100)8 a% f 

ae ar] he dt de B ame Ae 

+.0003283 | + .025 |-+ 00092)| 45 22 35.55 -+20.0460 |--.000162) — .171 | —.0054 N 

2468 .017 |-+.00069 | 85 47 41.51] 20.0845 289 .174|-+.0501} 9} 11 

2643 .019 |—.00547)| 3759 14.89} 20.0272 295 .175 | —.0057 | 23} 26 

3169 .023 |+.00183]} 43 54813) 20.0200 828 .178 | —.0062 | 19) 19 

1350 .011 |—.00159|| 18 49 21.31} 19.9573 510 .173 | —.0090 | 16; 18 

+ 7016+. .070|+.00049| 62 14 29.79 |+19.9212 |— 639 — .217|—.0050| | N 

16084 .270 | ~.00617|| 7418 15.76 | 19.7567 994 .319 | —.0307 N 

785 .009 |-+.00444 6 5415.47} 19.6803 | - 915 .1'70 | —.0849 N 

3068 .018 |-+.01211!| 37 4914.99} 19.6208 1129 .204 | +.0380 N 

3822 .022 |+.01410) 43816 31.70} 19.2915 1396 .228 | —.0602 | 20} 22 

4. 186 | + .009 |—.00504||— 7 26 49.97 |+-19.1745 |— 12840) — .153|—.0413 | 15] 16 

9621 .085 |+-.00744|| 64 0 6.49] 19.0228 1877 .831 | —.0293 | 17} 18 

15057 +.1229 88 88 33.81] 19.0457 9659 +.0051 N 

1588 .009 |-+.00304|/| 17 958.18] 18.8985 1630 .182 | —.0807 | 18) 12 

14364 .157 |-+.02478]| 69 37 18.22) 18.7107 2318 -436 | —.0748 N 

-- 1217} + .008|+.00105|| 11 1419.72 |+18.6672|— 1774) — .1'74|-+-.0061 | 12) 12 

38635 .016 |—.01629|| 40 46 45.47) 18.1746 2010 .230 | —.38709 N 

3603 .016 |-+.00127|) 389 56 35.06} 18.3968 2109 .233 | —.0217 N 

1637 .007 |+.00101|} 17 12 22.78] 17.7500 2286 .182 | —.0171 | 32) 32 

10502 .070 |—.00047|| 6347 5.72) 17.6345 8107 .414 | +.0010 N 

+ 3043] -+ .009 |-+ 01168|| 3428 41.61 |+17.29380/— 27121 — .226|—.0355| | N 

A751 .014 |—.00658]| 4648 6.64] 16.8415 8099 .277 | —.0143 | 18) 21 

13108 .077 |—.00157|| 665019.89| 16.4952 4096 .518 | +.0074 N 

1508 .004 |—.00241|| 14 28 47.55] 16.1580 2910 .170 | +.0402 | 25) 23 

6562 -015 |+.00409)| 54 3414.64) 15.6597 3929 .3844 | —.0286 | 16) 18 

aL 2274 | + .002 |+-.00414|| 26 44 37.80 |+15.1107|— 3410) — .197 | —.1028 N 

3616 .001 |—.00082); 40 3159.00} 14.6504 8884 -250 | —.0405 | 8) 10 

8554 .000 |—.00031!} 40 28 20.47] 14.1824 4061 .244 | +.0045 N 

3368 | — .001 |—.00340|| 389 8 6.03] 18.9878 4081 .234 | +.0083 | 20) 22 

8718 | — .001 |+.00518]) 42 2 5.78] 18.7791 4259 .249 | +.0164| 14| 17 

+ 17880) -+ .020|+.00106)| '71 25 31.49 |+.13.0686 |— 6798) — .747|-+-.0046| 12) 13 

1167 -000 |+- .00305 917 43.01| 12.8274 3687 .136 | —.0366 N’ 

1421 | — .002 |+.00128)) 16 742.19] 12 0182 3998 .148 | —.0304 | 23} 22 

10158 .026 |—.00185|}| 65 812.27] 11.6256 6485 .493 | —.0180| 18) 18 
1598 .005 |-+.00340)| 22 657.66) 10.7081 4390 146 | —.1052 | 31} 28 © 

+ 6417 | — .082 |—.00835|| 58 48 19.96 |+10.4740 |— 6199) — .851|—.0006 | 14| 18 

1379 .006 |-++.00697|| 19 16 36.53 9.8497 4475 .129 | —.0342 N 

6978 .048 |+-.00063|| 61 31 58.88 9.5639 6755 .871 | —.0136 | 13] 16 

3766 .026 |+.00359)| 49 44 29.36 9.2099 5832 .237 | —.0623 | 13) 16 

1792 .012 |+-.00483)) 381 9 16.66 8.5057 5056 .142 | —.1161 | 17) 17 

oe 3678 | — .039 |+.00035|; 52 49 39 86 |+ 7.6519 |— 6369) — .223|—.0166 | 16] 16 

1457 .012 |+-.00218)]| 28 22 14.07 7.38602 5113 .117 | —.0298 | 19} 18 

722 .005 |-++.03020 6 44 27.92 6.6416 4548 072 .0845 N 

18291 .292 |+-.00303)| 74 417.80 6.3515 10441 .606 | +.0298 | 11) 16 

4186 .077 |—.00165|| 60 15 22.91 5.8237 7430 -232 | —.0140 N 

+. 921) — .011|+.00001|/) 21 6 1.57|+ 5.4853/—  5032/— .076|—.0156/ 16] 16 

836 -010 | +.03669|| 18 28 30.56 5.2123 5062 .070 | +.0272 | 38] 38 

4176 .096 |—.00509)| 62 82 1.37 5.0380 7859 .224| +.0079 | 18] 16 

17142 . 728 |—.00288|| 78 16 57.33 4.6398 13270 .748 | +.0019 | 12} 12 

513 .005 |—.00113 2 42 37.77 4.6206 4464 .046 | +.0084 | 20} 19 

+ 725 | — .010 |—.00060|| 18 17 52.85 | 4.8856|—  5003/— .058|—.0040| 9] 11 

478 -006 |—.00144 614 4.10 3.6099 4625 .088 | —.0079 N 

63412 8.022 |+.01181|| 85 7 35.66 8.2903 26717) 2.483 | —.0069 N 

7698 -436 |—.00156]| 74 57 22.57 8.2342 11499 .849 | +.0124 N 

2712 .144 |\—.00177|| 65 87 84.15 2.5911 8678 .186 | —.0837 | 14] 17 
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* Mean A.B. 


da. @a (100)? da 2 dé a5 (100)? a3§ - 
B.A. CG |Mg.| 0. 1875.0 a or Ose Be 8 1875.0 oF Ou a wee es 4| 4 
HDs © “ 
1789 6.0} 5 33 17.560) + 2.98760 | +.0000324 | — .004 |—.00026)|— 38 38 10.93 |-- 2.3379 |—.004887 | — .020| +.0062} 15) 14 
1813 6.3] 389 29.025 6.43751 2256 .195 |—.00832|| 68 25 52.32 1.7300 9354 107 | —.0629 | 11) 15 
1821 6.0} 39 34.191 8.44764 883 .010 |—.00070}| 15 46 17.27 1.7864 5015 .021 | +.0011 | 22) 21 
* 1846 5.8) 42 31.641 3.36855 333 ,009 |—.00190}| 12 36 34.46| _ 1.5116 4902 .016 | —.0158 | 16) 16 
1862 6.0} 45 16.259 3.40621 318 .009 |—.00210]/} 14 8 16.31 1.2898 4960 .014} +.0018 | 23] 23 
1874 7.0) 5 47 50.816) + 6.21420 | + 1221 | — .1'71 |—.00295|| 66 59 52.43 /4 1.0172/— 9050|— .053 | —.0457)| 11] 16 
1923 6.0} 54 17.298 4.32443 258 .033 |-+.00965|| 42 54 45.79 0.38511 6321 | — .006 | —.1487 | 23} 23 
1942 6.0) 57 58.099 4.13501 182 .027 |—.00032|| 388 29 28.93 /+ 0.1357 6031 | + .002 | —.0420 | 16) 15 
1970 6.5) 6 2 0.277 8.61559 | + 141 .013 |—.00245)| 22 12 28.27 |— 0.1745 5268 .006 | +-.0008 | 20} 19 
2007 4.3 8 35.616 5.80028 | — 399 -086 |—.00012|| 59 310.51 0.7247 T721 .039 | +-.0271 N 
2045 5.5) 6 15 54.004) + 5.24501 | — 812 | — .082 |—.00218)]| 58 28 56.15 |— 1.3973 |— 7622|)+ .064|—.0072)] 18} 18 
2083 6.2} 22 7.380 7.61230 4089 .o78 |— 03654)|| 73 47 14.26 1.9664 10989 .214 | —.0337| 10} 11 
2101 7.5 22 48.877 3.62401 130 .013 |—.00270|| 22 37 32.72 1.9910 5247 .084 | +-.0021 | 12} 13 
2126 4.4\ 26 8.672 8.24526 15 .007 |—.00003 7 25 21.07 2.2870 4692 .028 | —.0042 N 
2139 Cok eOveLiO 4.12875 f 506 .025 |—.00071 38 32 37.82 2.4613 5965 .057 | —.0215 | 13} 13 
2159 5.1] 6 80 24.188) + 4.28990 | — 698 | — .031 |—.00077|| 42 35 46.54|— 2.7119 |—-_- 6189 | + .069| —.0594| 16) 19 
*2187 5.1 35 11.272 5.31695 2019 .084 |—.00411)| 59 38 53.72 8.0706 7644 .135 | —.0037 | 19} 21 
2233 6.0) 44 3.620 8.59865 389 -012 |=.00182|| 21 54 23.21 3.8614 51383 .060 | —.0298 | 23} 21 
23801 630 55 83.689 3.81888 884 .015 |+.01101|| 29 82 40.18 5 6255 5402 .091 | —.8112 | 21) 18 
2317 6.3] 7 133.458} 11.67981 35652 1.495 |-+.00525)} 81 28 40.56 5.8582 16407 1,498 | —.0362 | 15] 19 
2341 5.6) 7 8 38.299) + 4.69611 | — 2349 | — .044 |—.00027)|| 51 37 59.68 |— 65.4925|— 6562/4 .171]/-+.0048| 13] 14 
2358 4.1 5 28.829 8.06518 155 .004 |—.00067|\— 0 17 15.48 5.6309 4264 .057 | +-.0212 N 
2365 7.7 7 48.006 5.20696 3758 .068 |—.00529|| 59 8 14.81 5.8709 7231 .237 | —.0243] 13) 14 
2410 3.6) 12 39.388 3.589038 726 -010 |—.00189|| 22 12 37.58 6.2573 4944 .095 | —.0056 N 
2439 5.8] 17 51.282 6.30888 8341 .142 |+-.00058)| 6843 2.98 6.7301 8647 .438 | —.0479 N 
2473 4.8) '7 22 50.261] + 3.34290 | — 523 |— .006 |—.00117|| 1215 47.15 |— 7.1017;|— 4528} + .088 | —.0099 N 
2488 5.8 27 26.887 4.37485 | 2480 .027 |—.00280|| 46 27 12.20 7.4767 5886 .191 | —.0091 | 11} 11 
2509 4.9} 381 0.2389 3.92828 1587 .015 |—.003807 - 3452 7.63 7.8851 5246 149 | —.1296 N 
2551 8.7) 36 53.96% 3.63058 1096 .009 |\—.00283|| 24 41 44.71 8.2801 4790 .127 | —.0515 N 
2616 7.0} 4618214 4.90192 4898 .039 |-++.00035/| 56 49 49.34 8.9950 6355 .805 | —.02381 | 14} 17 
2585 6.6| 7 46 48.781) +-15.27834 | — 1238878 | —1.757 |—.00257|| 84 24 41.'75 |\— 9.0870 |— 19867 | +4 573 | —.0318 | 23) 18 
2660 5.4; 53 29.442 2.99857 271 .001 | —.00501|\— 3 20 25.95 9.5220 3800 .087 | +.0079 | 21) 21 
2676 6.3 56 27.588 8.54958 1169 .006 | —.00455|; 22 25 9.48 9.7558 4475 .140 | +-.0018 | 16} 16 
2704. 6.0) 59 47.628 4.96971 5950 .084 |—.00122|| 58 36 41.87; 10.0901 6235 .802 | -—.0786 | 12) 13 
2786 5.2) 8 12 28.180 3.65640 1661 .006 |—.00176]| 27 38714.44) 11.3336 4417 .169 | —.38769 N 
2792 5. | 814 19.908) + 4.581382 | — 4951 | — .018 |\—.00274|| 538 37 12.17|/—11.1928/— 5515)+ .314| —.0999| 17] 18 
2819 3.5 19 51.800 5.042538 7647 .021 |—.01719}| 61 8 1.28) 11.6088 5957 .418 | —.1155 N 
2880 6.5 28 8.194 3.45679 1271 .002 |—.00429|} 20 1 5.96] 12.0785 3967 .158 .0000 | 21) 21 
2953 4.2) 37 34.766 8.41847 1271 .001 |—.00172|| 18 36 44.03} 12.9579 3796 .160 | —.2303 N 
2982 5.5} 48 3.4386 5.00819 8968 .001 |—.00828]| 62 25 39.75 | 18.0708 5472 -463 | +.0287 | 27) 24 
8003 6.0} 8 45 53.055) + 5.2238386/—  10816}-+ .007|—.00501|| 65 4 47.54|—13.3693 |— 5645 | + .524}—.0886 | 24} 23 
8052 6.0} 50 36.236 3:85833 1157 .000 |+-.00801|| 16 3.35.26) 18.5508 3547 .161 | +.0371 | 26) 23 
8083 6.7| 56 30.480 4.25797 §131 .001 |—.01300)| 51 1912.87} 14.0420 4384 .819 | —.0793| 13) 13 
8109 6.0) 9 0 29.562 3.61621 2148 .001 |—.00407); 80 919.01) 14.2047 3656 .206 .0062 | 17) 17 
3140 5.0 Y 10.877 4.36340 6123 .008 |+-.00625|| 54382 11.05) 14.5532 4300 .304 | +.0646 | 24) 25 
3170 6.5} 9 11 56.642) + 3.520383 | — 1924/-+ .002 |—.00848/| 26 46 37.94/—14.9166|— 3369} -+ .199|—.0167| 9) 11 
8228 6.0) 21 49.756 3.20010 838 .003 |—.00289 8 43 56.79| 15.4741 2902 .157 | —.0093 | 18] 14 
3231 6.0 23 3.368 5.81249 21387 .152 |-++.01541|| 72 45 30.61) 15.6072 53809 .799 | —.0743 | 14) 17 
8281 6.0) 30 83.134 3.76960 8445 .007 |—.00295||. 40 47 59.00) 15.9282 3265 255 | +.0113 | 19) 21 
8307 6.0} 3415.307 8.739389 8391 .008 |—.00689)| 4019 34.69] 16.1742 8164 .252 | —.0402 | 15) 17 
8375 7.0| 946 9.550)/-+ 3.59771 | — 2823 | +. .009:|—.00171)} 35 34 15.89 |—16.7836 |— 2820} + .283 | —.0030| 15 14 
8397 6.0) 50 3.218 3.81469 ~ 4809 .015 |\—.00137|| 46 031.54) 16.9601 2914 .278 | —.0440| 9} 12 
3468 6.0|)10 38 48.0380 8.57424 3096 .013 |—.00551)| 88 1 0.17) 17.5653 2452 .237 | —.0840 | 11) 12 
8505 3.6 9 33.103 3.64573 3827 .017 |—.015382}| 43 3215.51) 17.8074 2378 .254 | —.0872 N 
8495 5.6} 11 9.018 9.80634 160804 | 6.885 |—.09600)| 8453 5.94) 17.8886 6400 | 3,294 | —.0540 N 
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4 da @a (100)8 da) as @3 —_‘|(100)3 a8 ; 
B. A.C. Mg. a 1875.0 7 ae * ae fa | 6 1875.0 at ie Bo ait | bz 4 a 
Ly say me Sy ° 
111 3530 6.0] 10 14 44.321 |-+ 3.59054 | —.0008573 | + .016 |—.01279)| 4 bt 47. ‘04 —18.1164 |—.002235| + .246 | —.1404| 21] 21 
112 8551 6.1 17 7.409 3.03283 159 .007 |—.00501||— 38 26 35.23} 18.0605 1838 .151}+.0070| 20) 18 
113 3584 6.0 22 48.377 8.52476 3229 .015 |—.00202)) 39 33 50.76 18.2753 2035 .235 |+.0024 | 16 
114 3647 5.0 33 23.690 4.17155 112138 .108 |—.02817 66 22 18.50] 18.'7145 2150 .388 | —.0752 | 23) 25 
115 3693 5.8 89 47.972 3.18389 1035 .009 |—.00992|} 1451 14.67) 18.8904 1506 -179 |—.0516 | 39) 36 
116 3725 5.1] 10 45 59.573 |+ 3.67412;— 5908] -+- .042 |\—.00967|| 55 14 56.39 |—19.0313 |—  1614)4 .274|—.0136} 21) 23 
117 8751 7.0 49 47,288 3.26704 1770 .012 |\—.00882]| 2610 1.59) 19.1295 13538 195 |—.0090 |) 15) 15 
118 3787 7.8 58 35.045 8.21245 1677 .012 |—.03152/| 25 52 40.14) 19.3981 1146 186 | —.0596 | 17, 18 
119 3825 6.7) 11 6 27.361 3.52927 5624 .045 |—.00283)/ 55 3423.41) 19.4987 1129 248 |—.0097 | 11) 14 
120 3877 4.0 17 24.428 3.13061 654 -010 j+. 00937) 1118 8.04] 19.7823 761 175 | —.0734 N 
121 3914 4.1) 11 28 57.710|-+ 3.63952;— 11151/+ .154/—.00860)| 70 114.71 |\—19.8307 |— 744) + .2'74 |—.0239 N 
122 3949 6.0 OOS 8.27501 4171 .035 |—.00710|}| 5118 38.87} 19.9299 514 202 |—.0348 | 11) 13 
123) LL, 22186 7.5 87 35.183 8.14463 1757 .O15 |—.00882)) 380 16 25.28} 19.9408 861 179 |}+.0176| 5) 5 
124 4010 6.4 45 46.132 8.47944 3134 -032 |+-.84093) 38 86 55.24} 25.7877 821 240 |—5.7721 N 
125) W.B. 956 iO 49 54.785 8.12117 | — 2712 .023 |—.00587|| 42 42 33.60} 20.0439 |— 114 176 |—.0091; 7% 8 
126 4063 7.0) 11 57 11.829 |+ 3.06441 422| + .010 —.00647||\— 4 46 59.70 |—20.0549 |-+- 32| + .166 |—.0022| 20} 16 
127 4070 5.7 58 25.584 8.15165 |— 48131 8.874 |—.06178]) 8616 47.85; 19.9778 55 191 |+.0760 | 29) 26 
128 4074 6.0 59 20.1384 3.07126 5797 .069 |—.00880|} 68 87 58.58] 20.1359 73 168 |—.0818 | 19) 19 
129 4099 6.5)12 4 9.300 8.06241 722 .011 |—.00219)| 17 8017.81} 20.0439 167 165 |-+.0070| 18) 18 
130 4123 3.4 9 13.914 3.00081 4260 044 +-.01882)) 57 43 38,27 | 20.0356 2638 156 | +0024 N 
131 4141 6. |12138 0.273)+ 3.03607 | — 1015 | + .018 —.00284|| 23 48 45.16 |} —20.0327 |+- 337/| 4- .161 |—.0108 | 20) 19 
1382 4195 4.6 20 42.369 2.99891 1257 .014 |—.00657|| 2857 48.51] 20.0527 480 155 | —.08038 N 
133 4217 6.0 24 7.806 2.85950 2969 ..030 |—.038144|} 52 13 32.78) 19.9400 519 185 | +.0032 | 21} 20 
134 4239 3.9 28 8.244 2.59786 5412 087 |—.01261 70 28 39 03) 19.8964 547 101 | +.0069 N 
135 4271 eal 35 33.461 8.03725 165 .010 |+.00488)]| 1055 29.28) 19.9102 V71 160 | —.0969 N 
186 4300 6. | 12 41 58.304]-+ 2.58448 | — 3569 | + .046 |—.00020)| 63 27 49.45 |—19.7291 |+ 771) + .100 |—.0102| 138) 14 
137 4318 We 45 59.257 2.98460 436 | .011 |—.00232)| 1745 15.18) 19.6561 952 151 |—.0043 15) 14 
138 4371 6. 56 53.585 2.36184 2704 .088 |—.02840|| 6416 55.50] 19.4285 920 077 | +.0109 | 15); D 
139 4403 6.7) 13 3 39.125 2.95067 29'7e .010 |—.00589|; 17380 56.71| 19.2846 1261 145 |+.0011 | 10} D 
140 4433 5.5 8 2.768 2.72915 1348 -016 |—.00529|| 4048 54.77) 19.1675 1245 114/+.0093| 19} 15 
141 4467 §.7| 138 14 42.758 | 2.69642 | — 1244} + .015 |—.00615|| 40 48 26.06 19.0115 |+ 1338)+ 110 /—.0135 N 
142 4510 5.4 23 51.663 2.21159 1520 .021 |—.01198]) 60 35 80.75 | 18.7026 1228 .066 | +-.0240 N 
143} *4562 5.8 84 42.246 2.86584 | — 215 .009 |—.00478]| 2085 19.01} 18.3886 1755 128 | -+.0277 | 28) 23 
144 4604 a0) 42 11.3869 )-+ 3.09164 | + 800 | + .007 |—.00292)|— 2 1259.63} 18.0891 |+ 2021 158 |+.0044} 12) 14 
145 4643 6.3 45 59.908 |} — 2.04548 |-+ 54886 | —2.010 |+.02175|| 83 22 45.61| 18.0066|— 1240 668 |—.0593 | 19) 23 
146 4694 7.21/14 0 538.630|+ 2.66069 | — 874| + .009 -+.00002)} 31 26 53.82 |\—17.4277)+ 2028)+ .101|—.0994| 17) 14 
147 4701 6.0 3 37.069 2.24714 626 .010 |—.00538)| 50 258.10) .17.1566 1753 066 |+.0504 | 21) 21 
148 4728 6.0 9 21.039 2.42131 496 .009 |—.00461|} 42 622.85} 17.0451 1958 079 |—.1011 | 14) 12 . 
149 4758 6.0 14 39.780 2.46386 416 .009 |—.00028]| 8922 9.29| 16.6933 2063 081 |—.0024} 1'7| 17 
150 4825 6.2) 29 31.903 2.45312. 224 .007 |—.00354)| 8710 33.39} 15.9886 2238 078 |—.0536 | 17) 17 
151 A841 6.0) 14 33 30.806 |4 2.25487 | — 212) + .007 |\—.01069|| 44 10 55.50 —15.6918 + 2100) + .064|/+.0293) 16) 19 
152 A874 6.2 38 56.377 1.48735 | +- 1046 | — .005 |+.00866|| 61 4742.71} 15.4542 1461 045 | —.0323 | 16) 19 
153 4905 4.6 45 87.472 2.76605 217) + .005 |-++.00903|} 193871404] 15.1218 2741 102 | —.0803 N 
154, 4926 [5.7| 5019.965| 9.82767 354|+ .004 |—.00299|/ 1457 9.49] 14.7674] 2851] 106 |—.0009] | N 
155 4949 4.9 55 36.075 0.93382 2856 | — .021 |—.01339|| 66 25 50.42) 14.4330 993 058 | +.0170 N 
156 4974 4.9) 14 59 40.343 | + 1.97998 | + 195 .003 |—.03865|} 48 8 30.82 |\—14.1646 2060 .049 | +.0361 N 
157 5000 7.2115 5 35.112 2.42969 72 o .004 |—.00047|} 33 3311.89} 13.8331 EE 2625 ¥ 070 038 11} 10 
158 5072 5.3 16 48.324 2.40058 136 .004 |—.00477|| 33 22 55.55) 13 0981 2701 065 |+.0104} 16) 21 
159 5113 6.7 25 24.620 1.90462 876) + .001 |\—.00212;)| 48 8 35.78; 12.5294 2221 044;—.0050; 15, 14 
160 5147 5.9 25 10.716 0.82293 2658 | — .018 |—.01874|| 6487 46.26) 12.1847 981 057 |+.0806 | 15) 20 
161 5180 5.8) 15 35 14.345 | 4+. 2.75440 -f- 412 002 |-+.00032)) 16 25 44.63 |—11.8507 3293 082 |—.0093 | 21] 20 
162 5210 6.5 39 26.853 1.62603 721 a .002 Taipei 52 45 22.11] 11.5070 bs 1979 4 038 | -+.0352 ; 15] 15 
on are 6.0} 438 25.472 2.46853 265 | + .002 |—.00190|} 28 82 28.75] 11.2549 8026 .062 |-+.0011 | 16) 19 
Hs ibe =e 48 21.287 2.07185 178} + .001 |+-.03903)| 4248 8.18] 10.2675 2631 042 | +.6288 N 
5) 5 51 14.803 |-+ 2.18162 271) + .001 |+.00823|| 3818 32.54) 10.5978|+ 2748 046 |++-.0844 | 19) 20 
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BY A. C. Mg a 1875.0 di 
Bimey s 
166|B.D.72.708 7.0) 15 56 54.384 | — 0.68714 
167 53825 6.4 57 34.955 | + 2.96095 
168 5343 6.5 58 1.161 | — 1.51902 
169 5366 6.0} 16 2 26.482) + 2.88865 
170 5405 6.0 7 4.377) + 2.96279 
Pat 5462 5.5) 16 14 24.859 | — 1.80071 
172 5466 3.8 16 24.391 | + 2.643826 
173 5512 2.9 22 18.101 0.79905 
174 5568 6.0 82 32.500 1.74510 
175 5619 5.8 89 15.046 2.21116 
176 5658 6.0) 16 44 17.644) + 1.22618 
177 5703 6.3 49 55.234 2.45154 
178 5752 5.5 57 4.066) + 1.09339 
179 5780 4.4 58 50.852 | — 6:38651 
180 5774 5.9/17 1 46.818) + 3.09194 
181 5786 7.0) 17 3 23.583 | + 2.47551 
182 5801 6. 5 23.866 1.14938 
183 5828 3.2 9 53.866 2.46114 
184 5842 4.8 12 42.5381 2.21177 
185 5911 5.7 23 25.523 1.58640 
186 5941 2.3/17 29 7.956 |-+ 2.78178 
187 6006 4.9 37 41.102 | — 0.36028 
188 6122 5.8 57 21.255 | — 1.04540 
189 6143 3.7) 18 1 25.433 | + 2.84192 
190 6193 6. 8 54.682 1.99699 
191 6203 5.3) 18 11 45.540 | + 1.86336 
192 6232 6.5 15 2.707 2.31200 
193 6246 6.3 17 0.418 1.40442 
194 6258 6.0 18 33.020 1.40906 
195 6300 5.7 24 24.823 2.48523 
196 6348 5.5| 18 30 25.204} + 1.03378 
197 6373 6.5 86 53.277 0.72915 
198 6387 4°3 40 16.953 2.57899 
199 6476 6.0 51 29.318 1.58105 
200 6491 3.3 54 16.088 2.24219 
201 6534 5.7/19 012.189) + 2.283841 
202 6579 Pr. |6.0 8 50.808 1.55271 
2038 6599 4.5 12 1.813 2.07950 
204 6656 6.5 19 59.521 1,89539 
205 6697 3.9 26 33.255 1.51300 
206 6740 ~ 14.0) 19 84 26.409 | + 2.36776 
207 6784 5.0 41 40.937 2.27490 
208 6830 6.0 48 26.257 1.76583 
209 6876 5.7 55 24.928 1.88461 
210 6915 5.6) 20 1 43.209 2.22602 
211). 6962 4.2)}20 9 22.3835} + 1.88520 
212 6998 5.3 13 51.062 2.380267 
213 1037 6.0 19 32.269 0.29206 
214 7094 5.6 28 2.298 2.83728 
215 7140 4.8 32 56.283 2.67653 
216 7138 5.0} 20 33 0.477 | + 3.07585 
217 7178 6.0 85 59.559 | — 3.46948 
218 7176 6.0 37 38.525 | + 1.27913 
DO '7213 4.5 42 32,485 2.38413 
220 7254 5.6 48 56.674 2.09498 


b 


Ca 
de 


-+.0007861 
631 


+ 


+ 


“= 


+] [++ +H14+4+ [4414+ F441 


reek As. | 


100)8 da c ds @S (100)3 a8 
( a 5B a 8 1875.0 o oe se le 4| 4 
— .054|—.01014|| 78 44 57.06 |—10.2427 |—.000767| + .168|-L.0179| 6| 7 
001 |—.00389|) 51956.97| 10.1956|+ 3756]  .086/-+.0169| 19] 16 
.090 |-+.00588|| 7555 54.43; 10.1955|— 1858;  .297/—.0187| 15] 16 
-000 |—.00184|| 852 4.99] 9.8430/4+ 3711;  .079|—.0015| 18] 17 
001 |-+-.00069|| 5 2031.84 9.4868/+ 3849}  .081|—.0003| 18] 16 
— .059 |—.00052/| 76 11 29.11/— 8.9197|— 2293] + .804| +.0030 N 
000 |—.00432) 19 2652.79; 8.7129/4+ 3500;  .057| +.0463 N 
010 |—.00317|| 614751.17| 8.2369 1093]  .044| +.0554 N 
002 |—.00274|| 4652 1.83} 17.4603 2390|  .029 | -+.0082| 14] 15 
000 |—.00606| 3416 13.25| 6.8496 3048/  .033| +.0709| 14] 15 
— 005 |-+.00815|| 55 37 55.19|— 6.5113|+ 1724/+ .028]—.0066] 13) 16 
:001 |—.00071|| 25.56 0.35} 6.0480 3434 .035 | — 0109| 16] 18 
— .005 |—.00688|| 565221.34| 5.4073/+ 1549]  .026/ +.0306| 20] 16 
+ 1560 |+.00448|| 8214 22.61/ 5.2927|— 8955| .924 | —.0050 N 
— .004 |—.00092/|— 054 46.32| 5.0679/+ 4385}  .048|—.0281| 22) 21 
— .001 |—.00182|| 2439 2.72/— 4.9452|4+ 3519/-+ .029 | —.0421| 18] 16 
004 |—.00199|| 5555 38.88] 4.6969 1647;  .022| +.0858| 10] 10 
.003 |—.00285|| 24591653) 4.4989 3519|  .026 | —.1496 N 
-001 |—.00299)| 3314 9.32] 4.1053 3171| 020 | +.0035 N 
— .003 |—.00092||- 48 2156.97| 3.2017 2297|  .014 | —.0149 N 
— .002|+.00695/ 1239 9.19/— 2.9184/4+ 4042/4 .o21 | —.2256 N 
+ .004|-+.00077|| 6848 55.94] 1.6344/— 518| .027| +.8151 N 
4+ (021 |-.00081|| 72 059.20\— 0.2393|— 1522|+ .016|—.0078| 19] 21 
— .003 |—.00546|| 9 32 51.52/+ 0.2215|+  4136/— .002| +.0969 N 
— (001 |—.00345|| 38 4422.70) 0.7839 2902) 002) +.0043| 15] 18 
— .002|—.00170|| 42 7 3.70/-+ 1.0309|+  2707|— .602] +.0024 N 
‘001 |—.00198| 29 36 47.62| 1.3258 3356| 008 | 4.0102] 12] 14 
‘003 |—.00102|| 5117 36.32) 1.4358 2030)  .002 | —.0510) 14) D 
(003 |—.00336|| 5114 28.25; 1.6091 2036]  .002) —.0122| 10] 15 
(001 |—.00113|| 2347 3.76] 2.1449 35938} — .013] +.0137] 19] 19 
— .004|—.00171|| 5657 1.74/-+ 2.6403/-+  1481]— .007|—.0187] 19] 10 
004 |—.00151|| 60 35 43.03} 3.2589 1034|  .012| +.0451| 10| 8 
[001 |—.00297| 2025 41.21| 3.1726 3684|  .022 | —.3341 N 
(002 |—.00742|| 48 4213.81} 4.3436 2218;  .012| —.1240| 13] 14 
001 |—.00148|| 3231 9.37| 4.7073 3156| .023 | +.0029 N 
— .000 |-+.00417]| 31 33 32.09/+ 5.1369|+ 3199] — .025]—.0706| 9] 11 
-002 |—.01785|| 49 3716.35! 6.5555 2113;  .022| +..6214| 20) 21 
-006 |—.00251|| 3754 43.78] 6.2186 2854; .026 | -.0140 N 
001 |-+.00067|| 43 8 42.92] 6.8221 2569|  .024) —.0362| 11] 18 
— .002{-++.00108)| 51 2751.02) 7.5200 2021;  .024| +.1250 N 
+ .001 |—.00102|| 29 51 58.67/+ 8.0787 |+ 3128|— .042/+4.0468] 19] 20 
+ (001} .00000|| 332616.24| 8.1687 2959; ..039 | —.4397 | 25] 27 
— .001 |—.00267|| 47 36 35.63] 9.1815 2249) 030 | —.0070| 17| 20 
+ 1000 |-+.00112|| 45 25 54.75| 9.6580 2367| .033|—.0197| 12] 15 
+ .002 |—.02003|| 3537 44.60; 9.7303 2730|  .044.| —.4269| 16] 20 
+ .001|-+.00067|| 46 26 17.74|+10.7147 |+ 2277/— .0386 | —.0141 N 
+ .002 |—.00035|| 3485 35.01) 11.0686 2754|  .052| +.0108| 14] 18 
— .029|+.00119] 6828 49.72/ 11.5024 301] 077} +.0380| 17| 19 
+ (002 |-+.00368|| 1236 0.59| 12.1104 3257;  .092 | +.0888| 20] 18 
+ (003 |-+.00244|| 20 45 48.92] 12.4294 3016)  .081| +.0112 N 
+..001 |-+4.00449|| 0 253.76|112.4180/4+ 3474|— .117| —.0029| 20| 19 
— 1551 |--.01342]| 8059 35.47| 12.6219|— 3971]  .862| +.0019| 25] 25 
— ‘007 |—.00011]) 60 313.32] 12.8991;+ 1886]  .039|-+.1673} 16) 14 
+ .004|—.00011|| 386 155.75) 13.0627 2527;  .06t | +-.0026 N 
4. 1004 |-+.00258|| 44 42 82.10) 13.4748 2207; .053 | —.0053| 13] 15 


+ 
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d Ba 100)3 da ds a8 100)8 38 ; 
B.A. |Mg.| 0 1875.0 m7 = ( | 8 1875.0 a OE feel al 4) 4 
h f 7) 
221) 7297 6.812055 8.805|-+ 2.28855/-+ 385|/-+ .005/+.01945|| 39 45 52.58|+14.0843|-+ 2370/ — .o60 | -+.2072| 12] 15 
222 7326 7.0/ 5911.374/ 2.24974/4+ 429 + .005|—.00089|| 41 8 4.30] 14.0826] 2259]  .059| —.0476| 16| 17 
2983/7380 4.1121 9 34.505|-+ 2.99964/— 275/+ .004|-+.00231| 44355.51| 14.6840/+ 2900) [19¢|/—.0764| | N 
224| 7438 6.0/ 17 2.098|— 0.54914/—  13095|— .195|+.00906| 7629 8.40| 15.2049  579| 210) +.0105| 15] 18 
225] "7509 7.3; 2859.097|— 0.17576|— 10728|— .162|—.00016|| 75 5114.56) 15.8451|— 225] /160/—.0107| 14] 14 
226 "7522 5.8 21 82 16.307|+ 3.00552/— 226|+ .005|+4.00851|} 5 12 30.91|+16.0611)4 2570] — .185|+.0308| 19] 19 
297| 7561 2.5 88 2.800] 2.94569 | — 54/-+ .006|+.00058|| 918 9.89] 16.3381) 2424 199/+.0098| |N 
298] - 7597 5.0| 4132.269| 0.75768;—  4063|— .052|—.01174)| 71 44.50.27] 16.4609 547| 065 | —.0488| 21] 22 
229] 7610 6.7; 4448.584| 1.07425|—  2810!— .026|—.00181|| 69 3417.31| 16 6339 799|  .050| —.0813| 19] 19 
230; 7641 5.6] 5050.663| 2.92887 | + 73+ .006 |—.00329)| 1129 0.62] 16.9434,  2202/ —|130 | —,0098| 28) 18 
231/B.D.59.2444 |7.4/ 2155 23.088]+ 1.87498/+  629|+ .009|—.01368|| 59 41 56.30/4-17.1664|4  1380/— .048|+.0044| 2] 8 
232| "7685 6.0| 5821.651| 3.08735;— 444|/-+ .006|—.00274||— 130 36.43| 17.2535 2203] 154 | —.0418| 22] 19 
233 "7712 6.0122 158.058/4+ 2.81316/+ 482/+4 .008|—.00505|| 21 5 42.22] 17.3875|4+ 1942 119 |—.0655| 17| 18 
234, 7732Pr. [7.5| 2 36.064|— 1.82387/— 41949|1.914|_.07011|| 8216 2.88| 17.4382I— 1430] 551 |—.0419| 14| 20 
235 #7760 6.2} 747.510; + 1.87936/— 1001 |— .010|—.00990) 69 3055.01} 17.7058'+  863|  .042| +.0075| 19| 22 
236] 7796 5.1) 22 15 21.940] + 2.95157/+4+ 186) + .008|+.00006) 11 34 38.48|+18.0168/+ 1820/— .189|+.0166|] |N 
237; 7820 5.0/ 1927.071| 2.42089 1502} .015 |—.00164| 4850 35.16| 18.1416  1421/ .080| —.0138| 2i] 24 
238] 7843 5.5] 2418.856| 2.73673 10538}  .011 |-+.00286|| 3155 59.80] 18.3258] ~ 1541] .113|—.0058| |N 
239 | 7915 6.0| 3553.019| 2.67372 1478|  .014|—.00202|| 89 8422.44) 18.7157/ 1818] .107/ —.0029| 12) 14 
240| 7932 5.1) 3831.178| 2.66317 1578}  .015 |—.00220 41 949.01| 18.8149]  19270/ 106/+.0148] |N 
241] 7962 6. |22 44 43.689 | + 2.69296|-+  1680}+ .015|—.00053|| 41 17 30.61/4-18.9762|-+ 1185] .110|—.0061 | 15] 18 
242] 7978 6.7] 4728.894| 2.72890 1638| .015 |—.00037 39 3012.46/ 19.0465,  1156/  .114/—.0121/ 9] 12 
243/ 8024 6.5! 561.899! 2.51745 2636|  .027'—.00138|| 5626 3.21| 19.2766 925,  .092 | —.0064| 14] 12 
244 8052 4.523 1 1.528] 2.91336 1074; 011 |—.00171|| 24 4738.07| 19.3660 997|  .140| —.0279 | 20) 21 
245] 8078 6.2} 525.566! 3.02596 291]  .009/—.00173|, 8 22952) 19.5022 957, .157)+4-.0189) | N 
246] 8122 6.8] 28 13 22.079/+ 2.17376/4 3954/+ .068|—.01451|| 73 0 21.60/419.6084|4+  552/— .063| —.0321 | 15] 15 
247] 8195 6. | 25 8.838) 2.93427 2146|  .018|-+.02341|| 3832 58.87| 19.7497 568, .144 | —.0731| 25] 27 
248) 8229 4.3) 32 0.619| 2.92399 2500}  .020|+.00139|| 42 34.34.12] 19.9075 434| .144/+.0086| |N 
249| 8252 6.5| 37 0.710| 2.89691 3494| .081 |—.00112)| 52 27 33.04| 19.9492 337, 189 | —.0042| 10] 10 
250) 8284. 6.0| 4319.993) 3.02431 1642|  .014|+.00403|| 28 8 47.79] 20.0206 235, 159 | +.0194/ 21] 19 
251) 8317 7.5] 23 49 18.287) + 2.97583] 4+ 4392/4 .041|—.00191|| 56 42 59.50|+20.0216/+  116/— .151|—.0108| 13] 14 
252] 8324 4.8) 5124.502| 3.04540 1476|  .018 |—.00407/| -24 26 47.38|. 20.0148/+  80| .163|—.0258| | N 
253; 8356 7.0| 56 21.235] 2.90393 19789}  .714|—.01147/ 8216 38.46| 20.0355/— 19]  .141|—.0162) 15] 15 
254, 8865 6.5| 23 58 39.339} 3.07383 120|  .010|+.00142||— 1 1150.15] 20.0000\— 60! —.167 | —.0539 | 23) 24 
* Maj. 
IE, 


Latitude Determination at the Sayre Observatory. 


Observations for Latitude at this institution were begun April 1, 1876, and ended 
August 19, 1895. 
First.—Determinations depending on a list of 60 pairs of stars, the observations 
being distributed very unequally through the years. 1876, °77, “78; 785, 786, 788, 789 
and ’90. 
Second.—A list of 109 pairs observed from December 1, 1889, to December 13, 
1890, each pair with two exceptions being observed both evening and morning. Sixteen 
pairs were common to both the old list and the new one, but the old list was entirely 


They may be regarded as forming four different series as follows : 
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reobserved (excepting three pairs) in connection with the new one, for the purpose of 
connecting the two series, thus insuring continuity in the results. 

Third.—Series extending from October 10, 1892, to December 27, 1893. The 
same list, excepting a few objectionable pairs which were replaced when possible by 
more favorable ones, was employed as above—107 pairs in all. 

Hourth.—Observation upon 41 pairs, forming four groups, employing the method of 
Kiistner.* All of these pairs are found in the list used in Series Three. These observa- 
tions extended from January 19, 1894, to August 19, 1895. As the results of this 
series have already been published,} no further comment is called for in this connection. 


FIRST SERIES. 


The Instrument. 


A Zenith Telescope of three inches aperture and forty-one inches focal length, made 
by E. & G. W. Blunt, of New York, was employed throughout the entire campaign. It 
is said to have been purchased at second-hand from the U.S. Coast Survey in 1868, or 
thereabout. Upon taking charge of the Department of Astronomy at Lehigh University 
in 1875, I found the instrument in a dilapidated condition. Before attempting any 
serious work it was sent to Edw. Kahler of Washington, who furnished a new level and 
made some other repairs. 


Level Value. 


This was investigated by attaching the tube to the Mural Circle of the U. S. Naval 
Observatory. Though the mean value may be found in this way with reasonable 
accuracy, the method is not adapted to investigating the question of the uniformity of 
curvature of the tube. our of the six micrometers with which the circle was provided 
were read for each position of the bubble. 

The mean of fifteen such determinations gave for one division of the level the value 


1/’.06 


No further attention was given to the matter until 1888, when a level-trier gave 
the value 


0/780 


* Astronomische Nachrichten, Bd. 126, No. 3015. 
+ TRANSACTIONS OF THE AMERICAN PHILOSOPHICAL SociETy, Vol. xx, Philadelphia, 1901. 


9 
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The tube had been twice refilled in the interval. Whether from this or from some 
other cause there had been a change of curvature. 

Except for those observations near the beginning of the period under consideration 
and those not far from 1888, it is obviously impossible to decide what value of the level 
ought to be employed. The safest plan appeared to be to exclude from the final results 
all those cases in which this correction was large. The limit of 1.5 for the older 
observations and 2”.0 for the later ones was adopted. A few values were retained where 
these limits were slightly exceeded. 


The Micrometer. 


The value of one revolution of the screw employed during the different years, with 
the method of its determination, is as follows: 


t/ 


1876-’"78 50.450 + .009 Nine elongations of 51 Cephei and 4 Urs Minoris. 
1885-86 50.5133 + 
1888 50.5633 One elongation each of 51 Cephei and 7 Urs Minoris. 


.0084 From the Latitude Observations. 


The observation of the old list in 1890 was carried on in connection with the new 
one. The details as to Micrometer and Level will be found in connection with the 
Second Series. 


Method of Observing. 


Previous to 1889 the Micrometer was provided with only one movable thread. One 
bisection of the star was made, the effort being to have the thread accurately on the star 
at the instant when the latter crossed the meridian as shown by the clock. This would 
not usually coincide with the instant of crossing the middle thread of the reticle, as it 
was not possible to adjust the instrument with great precision in this respect. The out- 
standing difference, however, was of little importance. The clock correction was deter- 
mined with a small transit instrument and was always known with the requisite 
precision. 

The level was read once, usually after bisection of the star. 

A preliminary reduction of the observations up to June 20, 1877, seemed to show a 
tendency of the bubble occasionally to cling to the tube, thus producing fictitious level 
readings. After this time until the end of the work in 1878, an effort was made to over- 
come this difficulty, or to obtain evidence tending to show whether or not the readings 
were genuine, in the following manner: Whenever there was sufficient time between the 
stars two or more readings of the level were taken, the instrument being disturbed by 
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turning it slightly in azimuth after each reading. The individual readings would prob- 
q ably never agree exactly, even if the performance of the level were perfect, owing to 
| want of precision in the vertical axis. Large deviations from the first reading were, 
g however, regarded as sufficient ground for rejecting such observations. 

It is perhaps an open question whether anything was gained by this procedure, as 
; there are obvious difficulties in formulating a criterion for rejection founded on the 
/ evidence so furnished. 

The work of 1885-86 is in all essential respects a repetition of that of 1876-’78. 
The same star list was used with the exception of three pairs which precession had 
carried beyond the range of the Micrometer. 

The series of 1888 was intended to be a repetition of the same procedure, with some 
improvements which it was hoped would add materially to the accuracy of the results. 
The Micrometer was thoroughly repaired and the old springs replaced with new ones. 
| A level by Stackpole & Brother took the place of that of Kahler, which had been in 
: use since 1876. A level-trier was also provided, with which it was proposed to make 

! frequent tests of the sensitiveness of the tube. 

<a, Although the new level proved to be much better than the old one, it failed to meet 
the requirements in respect to precision, and was returned to the maker after a trial of 
six weeks. The difficulties in finding a tube of the required delicacy proved greater than 
_ was anticipated; a delay of nearly a year was the consequence. 

_ Meanwhile, in the future prosecution of the work a more elaborate program had 
been decided upon. This included a reobseryation of the old list, with the exception of 
re 3 the three pairs which were no longer available. It is with this part of the program that 
___—-we are now concerned ; that relating to the new list prepared at this time being treated in 


x 8 . 
- another section. 


The distribution of the observations on the old star list, originally comprising 60 
ee 


pairs, was as follows: 


Year. Number of Observations. Year. Number of Observations. 
137 1886 167 

121 
eh 17 
1885 ng 115 1890 397 aie 


Total, 1144 


oe 
ee 


: ; oe : Se a @. 
aber of the olde 
es 


hs 
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These are not included in the above summary. It must not be understood that this pro- 
cess of exclusion was employed merely as a convenient means of rejecting those deter- 
minations which gave inconyeniently large residuals. On the contrary, the residuals 
given by the rejected observations were in the majority of cases smaller than those of 
many which were retained. 

As may be supposed, the accuracy of these earlier observations was far below the 
standard since attained in this class of work. Their value lies mainly in the fact that 
they precede by several years the period when the problem of Latitude variation began 
to attract serious notice, and it may be claimed that they had some influence in directing 
attention to this important subject. 


The probable error of a single determination for the various periods was as follows: 


‘I 


1876 0.578 
1877 457 
1885-86 -407 
1888 366 


1889-90 234 


The values of the latitude for each day of observation follow. These of course 
depend on the values of the declination employed, no means for adjustment being at 
hand. In forming the means all have been given equal weight. 
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Latitude = 40° 36/ 20” +- 


B | No. | Number | Wo. Nannon & | No. Meter | No. | Mummber 
a“ “d a “h 
1876 April 1) 3.92) 6 1885 Sept. 18) 4.22] 8 1889 Dec. 1)2.79) 1 1890 July 5) 3.66) 9 
6|3.23| 8| 56 19| 4.01] 14 4|3.41| 1 6|3.41| 8 
8) 3.37 | 12 | 3/7.65 20| 3.96 | 15 6/3.21| 1 11/3.51| 1 
10|3.86| 1 93| 3.83) 12 1} 2.86| 2 18] 3.74] 5 
15) 3.43 | 11 24|3.63| 11 9| 3.26| 2 19|3.79| 5| 55 
21| 4.09 | 16 25| 3.26| 11 11/2.90{ 3] 22 20] 3.'70| 10 | 8//.55 
27|3.77| 2 96|8.54| 9| 115 13/ 3.09] 1/3/7.10 1) 3.18) 1 
har! 27 8.60 9 3,72 28 8.20 Q 22) 3.88] 8 
i A : 26|3.47| 8 30| 3.58| 38 
Aug. 5/ 3.86) 10 29| 3.19| 7 27/ 2.59] 1 31] 8.23] 5 
7| 4.03} 18 Oct. 3/4.16] 2 1890 Jan. 18|3.07| 8 3 | 
83.90/17) 81 5) 8.96| 2 24| 2.771 1 
9) 3.49 | 15 | 8//.56 10| 3.82) 2 97| 3.40) 1 Aug. 3) 4.09} 1 
, 10| 8.08} 15 11] 2.72) 2 6| 4.02| 6 
| 11) 2.93] 11 16|3.71| 2 als eee 9) 3.81| 2 
A var Feb. : ee: Q 10 a 4 - 
; > es: 3.11 3.211 3| 38 
| 1877 April 6 3.54) 15 ASNT beagle i 15/5.50| 31 15 153.83) 3 31/.36 
4 7| 4.29) 11 Sea 16) 3.62) 1|3//.81 20) 3.00 1 
10} 8.69) 16 15) 8.88) 8 18/2.98| 2 93|3.13| 3 
11] 8.44] 1 178.46) 6) ~= 20 3.40| 2 24| 3.68 1 
123.99] 1] 61 apes Mar. 8| 3.30) 2 27| 3.07) 8 
15| 4.85] 2|3.7/90 21) 3.43) 5) 50 9|3.54| 1 30| 3.06] 4 
93) 4,12) 2 29) 3.56) 1 Se : 
E 24| 4.67| 1 30) 3.78) 1 Mar. 29) 3.04] 6 Tew 
‘ May 4/3.92| 9 May 5/2.51) 1 April 1) 3.50/17 Sept. 1] 3.82] 2 
: 6| 4.82| 2 16| 2.67) 2 2 3.58] 15 | 3.26| 1 
; am 17| 2.96| 1 3] 3.54| 3 18|3.77| 3 
a oo see ——|—|_ 5| 3.42| 18 19) 3.30] 3| 19 
May 14| 4.09] 1 May 25| 8.37) 2 713.49| 4 93] 2.95| 1|3//.55 
16|3.99| 1 98| 3.84| 3 10| 3.60] 1| 88 25] 3.56| 38 
18/4.21| 4 3018.30) 3 11|3.74| 6|3/7.52 28| 3.78] 3 
28) 4.22) 1 June 1) 8.29] 10 12| 3.63] 6 29| 3.47| 3 
29| 3.66| 38 4| 2.96| 10 16| 3.64| 1 a 
30|4.41/ 1| 21 5| 8.33| 3 18] 3.80] 11 errant 
31/3.85| 2|3//.72 8|3.14| 8 951 2.99| 1 Oct. 8/ 3.51] 3 
Junel3) 3.28| 2 12] 8.48] 1] 95 28] 3.83] 1 14| 2.79) 3 
14/2.90| 2 = 13] 2.95) 9} 3/82 30| 3.411 3 15| 2.78) 3 
17/3.18] 1 18| 2.69] 5 91| 2.94) 4 
18|3.80| 3 90| 2.89) 9 eo 7 ea 30| 3.04] 3 
4 ailicca 95| 8.82! 6 ae We _ : See : 
3.38| 7 ; ov. 1/3.1 
July 30) 4.99| 4 oe 3-70 i 8] 3.54 4|3.20| 2 
31/4.18| 7 11) 3.9 71 
5 29] 3.60) 9 3.92 5) 3. 3 
Aug. 2} 4.02] 4 30| 3.61| 9 12| 3.66 ioe 
4| 4.79 5 fet aoe 15) 8.74 43 eae 
\4.93| x| 70 July 1/ 8.85] 4 
23) 5! sip o4 Y gloat] 4 
4|8.76| 5 
5| 4.06] 2] 92 3 
Aug. 4| 4.32) 2|3/7.86 ' _ 
8|8.81| 2 . 3 7 
9| 4.28| 2} 5 
ee 10| 3.42] 2 vol 
| 11/4.10} 2 1 
\\: i —— | ——— | ___ LLL 
M Wine Eee, | June al, 
1/1888 Aug. 29) 3.36 aly 
aa! ~~ 80) 2.68 Mes 


|| Sept. 2 8.17) 1 
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These values are brought together for convenience of reference, in connection with 
the weighted mean date of the determination. 


ee ee Latitude No. Obs. Va as Latitude No. Obs. 
1 1876.285 40 86 28.65 56 12 1888.702 40 36 23.09 121 
2 76.607 23.56 81 13 89 980 23.10 22 
3 77.287 23.90 61 14 90.137 23.31 15 
4 77.420 23.72 21 15 90.269 28.52 88 
5 77.609 24.24 70 16 90.369 23.62 43 
6 77.763 24.09 26 17 90.484 23.57 78 
7 78.222 93-51 12 18 90.554 23.55 BD 
8 85.736 23,72 115 19 90.629 23.36 38 
9 86.301 23.46 50 20 90.724 28.55 19 
10 86.459 93,32 95 21 90.818 23.15 31 
11 86.551 23.86 22 22 90.900 23.05 30 


The most noticeable feature of this series is the progressive diminution in the mean 
value which seems to have taken place, the minimum value in 1876 being apparently 
nearly the same as the maximum in 1890. 


SECOND SERIES. 
December 1, 1889, to December 13, 1890. 


Before beginning operations on this series the instrument was thoroughly repaired 
by Saegmiiller, of Washington, and a level was selected from some eight or ten which he 
had in stock and which were regarded as particularly fine tubes. As a result the per- 
formance was greatly improved in every way, as may be seen by reference to the probable 
errors found on page 302. 


Level Value. 


The level was examined by means of the level-trier five times during the year with 4 


the following results : 


Date. Value one division. Thermometer. =~ Number determinations. 
1889 November 21-23 1.24 46° 5 
December 19-21 1.48 42 6 


1890 July - 14-15 1.16 73 
November 11-12 1.16 43 
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An example follows for illustrating the process and for showing something of the 
_ uniformity of the tube. 


One division of the screw corresponds to one second of are in the inclination of 


the bar. 
Thermometer Bubble Bubote Thermometer 
° Micrometer Mean Mean ° 
44.5 44.9 
N S N S 
1 48 4.5 25.2 14,85 3.7 24 4 14.05 
2 46 6.0 26.7 16.35 5.6 26.3 15.95 
3 44 1.4 28.1 17.75 7.5 28.2 17.85 
4 42 9.5 30.8 19.90 9.4 30.2 19.80 
5 40 11.4 32.2 21.80 10.8 31.5 21.15 
6 38 12.9 33.7 23.30 12.4 83.1 22.75 
7 36 14.5 35.2 24.85 14.4 35.1 24.75 
8 34 15.7 36.4 26.05 15.5 36.8 25.90 
9 82 17.9 38.6 28.25 16.9 37.6 27.25 
10 30 19.2 40.0 29,60 18.4 39.2 28.80 
: ib 28 20.8 41.5 81.15 20.1 40.9 30.50 
; 12 26 22.4 43.1 82.75 21.9 42.6 82.25 
13 24 24.0 44.7 34.35 23,1 43.9 33.50 
14 22 24.9 45.6 35.25 24 6 45.3 34.95 
15 20 26.7 47.4 37.05 26.2 47.0 36.60 
; 16 18 28.0 48.7 88.35 27.5 48.2 37.85 
aa 
oer 9-1 13.40 13.20 
ars 10—2 13.25 12.85 
too ee 11-8 18.40 . 12.65 
j 12-4 = 12.85 12.45 
te 18-5 =: 12.55 12.35 
= 14-6 11.95 12.20 
* 15—7 =: 12.20 11.85 
16—8 12.80 11.95 
16” = 12.74 12.44 : 


One division = 1//.26 ; 1//.29 


_ The large value given in December was a source of perplexity. No satisfactory 
planation for it could be found. The six individual values were as follows: 


47.48 9 17.47—«417,360 AT 17.86—1:7,42 | 
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other stars employed. This seems to have been due to the time required for the star to 
pass over the length of the screw. This was about 1” 20", the instrument being liable to 
considerable changes in this interval. 

The range of observation was usually twenty-four revolutions, viz.: from scale 
reading 8 to 32, 20 being regarded as the middle of the field. The correction from 
progressive error, to be spoken of later, was applied when appreciable. 

Assuming the value of one revolution to be 50.5, each determination gives an 


equation of the form 
R — 50.5 =a + (T— 45°) y 


Where # is the observed value of one revolution, 
« the correction to the assumed value, 
y the temperature coefficient, 
T the thermometer reading. 


Date Star Elong. Observed R Thermom. T—45° R— 50.5 
1 1889 Dec. 138 51 Cephei E 50.527 45.5 4 165 7 027 
2 1890 Jan. 14 B 523 34.8 = 1K) + .023 
3 Py WwW .483 31.9 —=— 1321 eel T 
4 April 2 WwW .529 36.6 = Bf 42.029 
5 5 WwW .488 37.5 ent == ,012 
6 18 Ww 485 37.0 wat SA) == ils 
7 Oct. 17 E 501 54.5 + 9.5 + .001 
8 21 E 582 44.3 = (py + 032 
9 30 E 518 38.1 = Ae) 4. .018 
10 Nov. 6 E 508 45.1 a 0.4 + .008 
iG 10 EB 527 43.0 A920) ae ODT 
12 Aug. 15 43 Cephei E 456 68.5 + 23.6 =) 044 
13 23 E 465 67.9 ane — .035 
14 23 E 498 55.5 10.5 = 002 
15 24 B 517 54.4 ee O17 
16 24 E 511 54.4 0-4 += 011 
Ale 27 E 485 71.1 + 26.1 — .015 
18 30 E 489 64.1 4.19.1 ee Oli 
19 Oct. 30 WwW 472 36.0 = Oo =~ 028 
20 30 WwW 487 35.6 a Vi) = OE: 
21 31 Ww 485 36.6 == Bel == suis 
22 31 WwW 506 36.6 =a hee + .006 
23 Nov. 4 WwW 476 32.3 si — 024 
24 4 WwW 498 81.4 =13"6 —— 002 
25 1889 Dec. 277 6 Urs Minoris WwW 467 41.1 as Bh — .033 
26 27 E 508 34.2 =5 iO + .008 
27 28 WwW 462 40.9 oe | — .038 
28 1890 Oct. 17 WwW 511 56.1 eee ee | + O11 
29 17 WwW 531 56.1 ae ha O08 
30 21 WwW 581 45.5 He 10,5 + .031 
31 21 WwW 502 44.3 at + .002 
32 30 WwW 544 41.8 a + .044 
33 30 WwW 543 37.2 i + .048 
34 Noy. 6 Ww 491 47.6 1 = 2.6 =n O09 
85 6 W 473 45.6 40.6 = i027 
36 10 Ww 530 44.2 OLS 427+ 030 
37 10 Ww 522 44.2 O28 + -,022 
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3) 


O7 


Giving equal weights to each of the 37 equations, we find in units of the third 


decimal place 


Therefore 


This is the value of & employed in the present series of Latitude Observations. 


a —= + 2.15 + 2.69 
y = — 0.367 + 0.262 


R = 50//.50215 — .000867 (7 — 45°) 


Progressive and Periodic Errors. 


Two series of measurements of the screw have been made by means of the 
measuring engine of the U. 8. Naval Observatory, designed by Prof. Harkness for inves- 
tigating the photographs of the transit of Venus. 


The correction for progressive error was adjusted by a graphic process, no assump- 


tion being made as to the law involved. 
gives the micrometer reading, the second the correction : 


8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


+ ,0202 
.0182 
0162 
0141 
0121 
.0100 
.0080 
.0046 
.0019 
.0000 
.0000 
.0001 
.0002 


21 


+ .0002 
.0014 
00381 
.0052 
.0067 
-0081 
.0096 
.0111 
.0126 
.0140 
0155 
.0170 


This was done in February, 1891. 


The result is as follows. 


The first column 


If we derive this correction from the transits of the circumpolar stars observed for 
determining the value of one revolution of the screw, assuming the error to be uniformly 
progressive we have the following values : 


8 and 32 
9 31 
10 80 
11 29 
12 28 
13 27 


-++ .0208 
0174 
0144 
0117 
0092 
0071 


14 and 26 
15 25 
16 24 
17 23 
18 22 
19 21 


+ .0052 
.00386 
.0023 
.0013 
.0006 
.0001 


The corrections deduced by means of the measuring engine were employed in this 


reduction. 
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A series of measurements was also made for the determination of the periodic 
errors, but the resulting probable error was of the same order of magnitude as the ; 
correction; moreover this will be pretty effectually eliminated from the mean of the | 
observations; for these reasons no correction of this kind was applied. 


The Reticle. 


This was provided with three vertical threads and one horizontal, the latter for 
marking the middle of the field. As there were no means of making a close adjustment 
in collimation, the single bisection was made as formerly at the instant when the star 
crossed the meridian, as shown by the clock, which did not necessarily coincide with the 
time of crossing the thread. Except, however, in case of the few stars included whose 
declinations were large, the difference was not important. 

The micrometer was fitted with five horizontal threads, the intervals being approxi- 
mately equal to ten revolutions of the screw. These are numbered consecutively 
I, I, II, IV and V, a small piece of brass near one end showing the number of each 
thread for the purpose of avoiding mistakes in identification. 

When the difference of zenith distance of the two stars forming a pair was not more 
than twenty revolutions, both stars were commonly bisected with number III. For | 
greater distances II and IV were employed. I and V were not used. 

It was therefore necessary to determine accurately the distance between II and IV, 


ee 


and as this was found to be variable to some extent, the operation must be frequently 
repeated. Writing II + x = IV, the following values of x, in terms of revolutions of 
the screw, were employed, each being the mean of ten or more determinations : 


1889 December 8 — 1890 February 1 x= .0904R 


1890 February 1— June 1 .0872 ~ 
June 1— August 1 -0842 . a 
‘ August 1— November 6 -0831 2 
November 6 — End 0875 a 


The Star List. 


This comprises 111 pairs, 16 of which were found in the old fs Much care was 8 sa 
ea to the selection of the stars employed, the effort pone aan incl 3 
from ae to me mae cael be checmets y ; overl 
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Each pair, with two exceptions, was observed both evening and morning. The 
number of evening observations was 842, of morning 637. 

The reduction to apparent declination was carried through twice for each date of 
observation, once by each of the standard formule, viz. : 


d= 6, + tu’ + Aa! + Bb! + Ce! + Dad’ 
and 
6=06,+ tu’ + 9g cos (G+ a) + hcos (H+ q) sin 5) + 7 cos 6, 


A, B, C, D,h, H, 9, G and ¢ were taken from the American Ephemeris. 


The Latitude Observations. 


In planning this series of Latitude determinations the effort was made to observe 
each pair not less than five times, both evening and morning. Practically a few pairs 
were observed as many as twelve times, and in a few cases the number fell short of five. 
The evening observations were naturally more numerous than the morning. The usual 
method was to begin work soon after sundown and to observe from one to three or four 
hours, then to begin in the morning two hours or more before daylight and to stop 
only when sunrise ended the operation. Some of the brighter stars were observed with 
the sun above the horizon. 

No attention was given to arranging the pairs in groups to facilitate adjustment. 
Under these circumstances, in connection with the fact that considerable care has been 
given to the reduction of the declinations, it is perhaps doubtful whether much will be 
gained by such an adjustment. The attempt has been made, however, to improve the 
results in this manner. 

For this purpose the series has been divided into ten groups as follows : 


hem hem 
Group I Right Ascension 22 20 — 0 27 11 pairs 

II 0 388 — 3 Ol 10 
Til 8 04 — 5 34 11 
IV 5 44 — TF 24 10 
W % 29 — 9 35 12 
VI 9 47 — 12 36 11 
VII 12 57 — 15 06 11 
Vill 15 17 — 17 24 12 
Ix 17 30 — 19 49 11 
x 19 56 — 22 16 12 


Reduction to Mean of Groups. 


When every pair of a given group has been observed on any night, the mean of the 
resulting latitudes will be based upon the mean value of the declinations of all stars of 
AP, S.—— VOLS x XN 
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this group. The differences between the individual values and the mean of all will 
furnish the corrections required to reduce the individual latitudes to the mean system. 
Obviously these corrections are not required when all of the pairs have been observed. 

In the present case, as the observations were not arranged with reference to the 
groups, the number of evenings when all pairs were obtained was usually too small to 
furnish reliable values for these corrections. It is therefore necessary to combine for this 
purpose observations made on different evenings. ‘This procedure is open to objection, 
but in this case no other seems available. ‘The values of these corrections follow. ‘They 


are given in units of the second decimal place. 


Pairs 
Group eal 
1 2 3 I 5 6 7 8 9 10 11 12 

I +18 |/4+ 8 /)4191— 19 |— Wa | ho ey eed 

I — 32: |— 5 | 4 62 |.— 93 | — 6 7 == 96 Ve eee 

ur 4+ 9 |+ 82 | — 55 | — 96 | 4 19 | a |e a eee 

IV + 7 | + 21 8 i NY) 4;— 0|]—238 |— 7 ]+ 6 | 4+ 25 

Vi — 8 |}—29 |}+ 10);+ 12 |;—14/— 8;+ 38 }— 5/4 28)— 7;,+ 15,4 38 
Wa —17 ;};—10 | + 87 | — 45 |; — 22 |— 38 )/— 9 |4+ 72 |— 2/4 16 | —17 

VII — 2)— 8 bear te ay | 0 | ee eee 
VIII +18 |/—28 |+ 9)-+ 411 | +90 |= 46 1 90 ey ee ee 0 es 
IX 18-14. Bi eevee Oot anes SA ll ch Lu) okt 1g alee od Oe padi 

Se oe ee ee 912 460) oe ee 6") ‘3284 Ya ea 


The algebraic sum of the corrections for each group should be zero, except that 
pairs 1 and 3 of Group VII and 5 of Group VIII were observed only at the evening 
culmination. For these groups therefore the reduction is to the mean of the remaining 
pairs. 


Binal Adjustment. 


After application, when necessary, of the above corrections, the means in case of 
each group are formed for conyenient intervals, which in the present case average about: 
26 days. The resulting values follow : 


I Hae VERE IV V VI VIT VOI veG eG 
o | No ¢ | No > | No o | No d@ | No o> | No | No od | No od | No p | No. 
1839 Dec. 1-Dec. 2813036) 65/3062 371” ‘: fs 3.053) 47|| ¢ “ i 
1890 Jan. 14-Feb. 20 8.892) 17//3.205| 48|/3.259] 8 3.150! 6//3.829] 483.401] 29 
Feb. 22-Mar. 29 3.257] 15||3.420] 42//3.1'77] 10 3.543) 12 
Apr. 1-Apr. 12 3.873] 3]/8.576] 47//8.280] 1 3.850) 1'7//3.605) 29 
Mey eels: 3.803] 19]|3.467| 34 3.603] 15 
‘ = 3.436] 29||8.550) 21 3.511] 21//8.403] 17. 
June 14-July 22/3.449) 56//3.547| 6 8.415] 44|/3.622] 62 : eae H 
July 30-Aug.23/2.982| 8/3.324] 30 3.442| 85//3.191! 19 
Aug. 24-Sept. 2 3.303] 26/|8.071| 24 3.300] 3//3.420] 22 
Sept. 7-Oct. 14 3.890] 2/|2.970] 451/8.089| 32 3.279) 58|/|3.078] 22 
Oct. 15-Nov. 5 8.118! 28//8.173] 45 8.101] 11|/3.089] 33 
Nov. 13-Dec. 13/3.001} 82 3.067] 36|/8.065] 11 2.958) 55 
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In the tabular statement which follows, the differences of the consecutive values of 
the latitude are given with the corresponding weight. 
formula 


The latter is computed by the 
ul ae 
Pe 10 (n+ n’) 
m and n/ being the number of observations corresponding to the two values of the lati- 
tude. When two differences are combined, as in the case of ITI-IV (Jan. 14—Jan. 20) 


and (Feb. 22—March 29), the value of p given is the sum of the individual weights. The 
primed values I-IT’, ete., refer to the morning series. 


P ; P 2 
I Tk —.026 2.36 4287 VI- I 4.017 2.78 8668 
Ii- Wl + 118% «61.26 «©7987 Iya VI P1080" 0.84 2.9412 
TE LY) ==: 1,79 5687 VII- If +.009 1.07 9346 
IV- V +.188 1.09 9174 V-VIIT —.802 . 1.80  .5556 
VeVi eae Tea” | 1576 VIII- IIT +.220 248 4032 
Vieevil slid) 1.92 1.8197 Vie 12a 9.862 | 4087 
VI-VUL -.007 2.57 8801 ey = 044) 3.64 | B88 
Vill 1x, 1187 1.49 e711 VII- IX +.089 1.05 9524 
EX eke lod, 8142) (4182 X= VI —.088 1,07 .9846 
X I —.048 3.29 .8040 lik 189, 2.67 | 8745 
U-Vilyy 101 1.89 5201 
ee we esi, 7 1.17) |..6847 Pip iX 819), 8.73). = .208! 
II- Il’ +.828 144 6944 IX- I] —.051 9.54 8087 
Lavi 119 1.87) » 6848 ivy EX fee, 8,85 8508 
IV- VW —.055 1.738  .5780 Xt +.108 1.48 6757 
V- VI) +.002 84. 1.1905 Vo Ixy 4.073 «881.1864 
VI- VII’ s—.179 581.8868 X= Ty —.078 1.51 ~ .6628 
VII-VIIlY —.072 1.81 —.5525 I V —.066 2.50  .4000 
VIlI- IX’ + .245 1.07  .9846 VI- X/+.107 921.0870 
IX- X/ £.108 94 1.0688 II- VI +.050 2.51 .3984 
X- -I’ +.040 256 .8906 I~ VII +.034 2.46 .4065 
Representing by 1.2; 2.3; mL ae hs the required corrections to 


the observed differences I-IJ, IJ-III,.... 


the conditions to be rigorously satisfied 
are expressed by the 26 equations which follow : 
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4237 
7937 
5587 
9174 
7576 


.8197 
8891 


6711 


4132 


.8040 


6944 


5348 


.5780 


1.1905 


1.8868 


0525 


9846 


ao fF © WD 


Oo OD = oo 


1.2 


vo 
[Sy] 


3.4 
4.5 


5.6 


1.2 
2.3lt 3.4 
+ 8.4/4 4.5 


2.3 


Gi) 


Wart 


6.7 


Thee) 


7.8 


7.8 


8.9 


8.9 


8.9 


9.10 


9.10 
9.10 


10.1 


10.1 


10.1 


1 
—1.2 


‘ 


wn 


/ 
—3.4 


t 
+ 7.8 


1.0638 


" 
—9.10 


49.10 


= D 
for} lor} 
a | | 
/ 
=10n 
96 
/ 
+10.1 


Solving these in the usual manner by correlates and employing the weights given above, 
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8663 
2.9412 
9346 
5556 
.40382 


.8788 


4237 


9524 


.9346 


.4065 


8745 


5291 


8937 


.2681 


.8508 
6757 
1.13864 


.6628 


.4000 


1.0871 


+6.1 
+4.6/+8.2 

+5.8/+8.3 
+5.8 


+8.2 


+9.5 


49.5 


+9.5 


+6.9 


+-7.9 


+10.6 


410.6 


41.7 


+8.10 


/ 
+2.8 


+2.8 


+9.2 
+9.2 


48.9 


+4.9|-410.8 
45.9 


/ 
+5.9 


410.4 


EL A.5 


+6.10 
+6.10 


+.487 
+ 205 
—.136 
—.002 
+193 


+.830 
+065 
—.185 
—.058 
+ .046 


—.083 
+044 
—.067 
— .065 
EelOt 


+176 
—.000 
—.001 
+085 
et165 


+-.010 
+.098 
+ .002 
+.076 
—.092 
+ .028 


we derive the following system of normal equations : 
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ky Keg kg ky kis Ke Key ke Kg kiyg Ky Key Ky 
1 | 6.0482] .4937| .79387| .5587| .91'74 1576 .8197| .8891) .6711 4132} 3040) .4237] 1.3524 
2| .4237| 1.2784 4237 
3 | 7987 1.4881 1987 
4| .5587 1.0935 5587 
5 | .9174 1.4954 
6 | .7576 1.9481 
Y | (8197 2.7065 —1.8868 
8 | .3891 9416 — .5525 
9} 6711 1.6057 
10 | .4132 1.4770 
11 | .3040 6946 
12 | .4237| .4287 1.1884 
13 | 1.3524 1987| .5587 — 1.8868|— .5525 "6675 
14 | 1.4761 5587 | .91'74 .5587 
15 —.9346 
16 | .7576 1546 
17 | .8197 .8197 L—).0658 
18 | .3891 .3891 
19 | .6711 6711 
20 | .7937 79317 71937 
21) .4132 — .5348 4132 
22 | .4132 —.5780 .4132 
S 3040 = 1 A905 .3040 
4 
25 .9846 
26 

The solution of these equations gives for /,, 4, the values 


kK,=-+ .1744 
k,=-+ .1268 
k == — .0648 
k,=— .0400 
k5=-+ .1226 
k,e=-+ .1198 
k,=-+ .0089 
k, = — .1866 
ky =— .2616 
ky = — .0969 
Ky, = — .2418 
Ky, = — .0728 
Ayg = + .0082 


ky =— 
hy = — 
kiyg = + 
ky =— 
hy=— 
heyy = + 
King = — 
ky = — 
Keon = + 
Keg = + 
Ky = + 
kos = — 
Koog = + 


1370 
1491 
0005 
- 1052 
0579 
1578 
2825 
03802 
.0418 
0298 
-O701 
12538 
0243 
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ky ys Kig ky, Kyg kiyg Kgg Key, King keyg Keng Figs Ting 
1.4761 7576 .8197 coool) .6710) 7937) 41382) .4132 .8040 + .487 
+ .205 
719387 — .1386 
.6587 —.5348 — .002 
.9174 —.5780 + .193 
7576 — 1.1905 + .330 
.8197 + .065 
+ .3891 — .135 
— .9346 6711 — .058 
— 1.0638 .4182| .4132 + .046 
— .8906 .8040 — .083 
+ .041 
.5587 7937 .9846 — .067 
2.4849] .5556 — .065 
.6556| 1.8690! .8788 .8788/— .101 
.38788 | 1.5601 .8788/+ .176 
8.7705 .9346 .000 
1.5607 — .001 
1.5989) .3937 .5291 + .035 
.3937 | 1.4555 — .183 
1.9745] .4182 + .010 
-4182| 2.7899 1.1864/4+ .093 
2.9815)1.0870 + .002 
9346 1.0870)|2 .0216 +. .076 
.5291 1.4637 — .092 
.3788 | .3788 1.1864 1.5152)+ .028 
1. 2= .42387 (4, + &, + he) =-+ .097 1. 2/=— .8547 k, = — .108 
2. 3= .71987 (kh, + hy + hig + hoo) =— -091 2. 3} =— .6944 k, =-+ .045 
3. 4= .5887 (A, +h,+ hs + hy) = + .008 3. 44 =— 5348 (kK ,— k,) = + .005 
4. 6= .9174 (4, +k, + ky) = 147 4. 5/=— _ .5780 (ks — ky) = — .046 
dD. 6 == .7576 Ch, + & 6 + Rig) = -+ .223 5. 6/ = — 1.1905 (kK, — kg) = — .107 
6. 7 = .8197 (A, + &, + hy) = 064 6. 7’ = — 1.8868 (k, — k,) = — .001 
7. 8= .8891 (h, + &, + Me) = — .027 7. 8’ =— _ .5525 (kg — ky) = + .108 
8. 9 = .6711 (A, + hy + My) =-+ .047 8. 9/ =— _ .9346 (kg — Ay) = + .105 
9.10 = .4132 (hk, + Ryo + hy + hog) = + .086 9.10’ = — 1.0688 (k,, — %,) = — .010 
10. 1 = .3040 (&, + &y + Ae) =— .011 10. 17=— _ .3906 (4, — hy) = + .072 
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The corrected differences of consecutive groups are now as follows: 


(ite, OF 
Ii- UI + .278 
Wi- 1y ett 
T= fy 009 
Va. Vis. 109 
Vi- Vibe 8 
ViI-VINL, 180 

VUI- IX = 40 
[X= Rees 
X- (1 See 


> — .001 
Therefore 

I= Il —.128 

HII =) :155 

IV + .081 

Vi ++ .022 

Vie 13 

VII — .047 

VIII — .227 

IX — .087 

X + .081 


Add to each quantity .0114 in order to make the sum of the corrections zero, we 
find the following series of values, which are applied to the latitudes derived from the 
different groups to reduce all to a homogeneous system. 


4 

I 4-100 
ll as 
Tl eect 
IV + .04 
V + .03 
VI -+-1% 
VI 204 
VIL. £0 
ix 
xX) A220 


This system of corrections, together with those given on page 310, being applied to 
the individual determinations of latitude, we obtain the results given on the folding 


sheet, where will be found in detail the definitive latitude as given by each observation of 
the entire series. 
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OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Daily Mean of Latitude. 


P.M. | No.| A.M. | No. P.M. | No.| A.M. | No. P.M, | No.| A.M. | No. 
// gee 4 
Isso Dec, 1) 3/00 | 17 1890 April 11 | 3.79 5| 3.86 9 || 1890 Aug. 9 | 2.94 a 
2 | 3.20 4 12 | 3.54 8| 3.56 9 10 3.42 6 
4 | 3.82 9 16 | 3.93 7 14°) 3.21 Simoelome, 
6 | 2.85 | 16 18 | 3.89 8| 3.81 3 15 | 3.32 8 
7 | 2.98 | 16} 3.25 ti 21 | 3.88 6 20 | 3.30 6 
Qa A OS AONE Sseo 4) as Pay |) ayeii 3 23 | 2.95 Sil 2298 nals 
LIS SS edOH 2 596u) 9 28 | 3.66 6| 3.382 2 24 | 3.42 6 
13 3.28 6 307) 3.41 5 | 3.23 4 27 | 3.08 5 | 3.26 9 
23 3.08 6 May 2 | 8.86 3 30 | 3.18 (4 Bisrisy |) lal 
26 3.40) 11 5 | 3.44 6 31 Siler || ae 
27 | 3.12 5| 2.56 1 8 | 3.34 4| 3.67 6 Sept. 1 | 3.49 8] 3.18 7 
28 | 3.32 7 11 | 3.86 5 2 8.89 9 
1890 Jan. 14 | 3.09 4 12) 3.38 6 % | 3.26 6 
eae Seale 5 15 3.45 ri ace eo oar MI ese 8 
18 8.21 | 12 16 | 3.63 5 1) BEG) | ala! 
24 8.10 | 2 17 3.64 9 21 3.67 5 
27 3.16 | 9 20 3.50 2 22 3.30 9 
28 | 3.50 5] 3.21 9 21 | 3.72 5 23 | 2.68 5| 2.99 | 11 
Hepes 0) 8.28 | 12 22 | 3.52 7h) 8.16 7 25 | 3.27 8 
6-173:49 9) 113727 112 27 3.43 q Disy |i aeeye ta) || Ore | a0) 
8 3.30 | 12 28 3.46 6 29 | 3.10 | 10 
9 | 3.48 6 |, 31 | 3.30 5 Oct. 4 3.09 | 13 
10 | 3.85 | 14 June 1 | 3.46 7 8 | 3.84 | 10} 3.28 | 10 
12) 3.88 | 15 3 | 3.40 ts 14 | 2.82 9] 3.01 | 14 
15 3.30 | 9 8 | 8.64 8 15 | 2.99 | 11 
16 3.44 | 5 14 3.48 4 17 BESO) | GL 
18 3.138 | 6 15 3.02 |, 9 21 | 3.06 | 10) 3.13 | 11 
20 8.85 | 7 18 3.54 7 30 ° SS ale 
22 | 3.47 6 19 | 3.28 6| 3.57 6 31 | 3.12 | 10| 3.14 9 
26 | 3.19 8 20 | 3.50 6 Nove et  SA0 3 
Mar. 6 | 3.54 8 25 | 3.09 | 12)) 3.51 9 4 3.19) | 138 
% | 3.50 8 26 | 3.32 | 10} 3.38 if 5 3.20 | 16 
8 | 8.64 | 10} 3.25 a 27 | 3.36 6 13 | 3.00 | 15/ 8.09 | 12 
9 S4D5 25 29 | 8.18 | 12] 3.54 8 14 | 2.95 | 16 
17 | 3.38 2 80 | 3.12 | 10) 3.84 6 Pal eae aly 
18 | 3.35 8 July 5 | 3.67 | 12] 3.63 % 22 | 3.12 | 19) 3.09 4 
23 | 3.34 3 6 | 3.49 4) 3.36 i QAO OU Ay 
24 | 3.55 2 18 | 3.22 4| 3.48 9 25 3.18 il 
28 | 3.54 4 19 | 3.56 8] 3.45 2 27 3.32 6 
29 | 3.12 8 20 | 3.79 eh] SGN alll 28 | 8.07 | 15| 2.94 3 
April 1 | 3.68 6| 8.68 | 5 21 3.42 9 29 | 2.90 | 15 
2 | 3.61 7) 8.81 q 22 | 3.05 8] 3.53 8 30 | 3.04 | 11 
3 | 3.64 3 30 | 3.08 3 Dec. 38 3.32 5 
4 | 3.538 4 31 | 3.07 7) 2.86 i 10 2.65 4 
5 | 3.54 | 11) 3.49 9 Aug. 3 | 3.44 5 12 | 2.86 6) 3.15 7 
% | 3.39 3))8.62 | 4 6 | 3.46 7| 3.30 9 13 | 2.79 6| 3.21 5 
10 | 3.60 4| 3.39 3 
Final Values of Latitude. 
Weighted Mean Date. b P.M. No. bd AM, No. Mean. A.M.-P.M. 
“ “ a“ “sd 
1889 December 11 38.015 103 3.194 AT 3.104 + .179 
1890 February 4 8.345 72 3.2381 56 3.288 — .114 
March ul 8.451 50 3.312 39 3.382 — .139 
April 4 3.518 60 3.578 37 8.548 + .060 
April 23 8.651 56 3.541 24 3.596 — .110 
May 22 8.566 Ay 3.442 38 3.504 — .124 
June 26 8.408 86 8.507 70 3.458 -- .099 
July 26 3.312 57 3.415 55 3.364 + .108 
August 25 8.250 50 3.168 72 3.209 — .082 
September 22 3.2138 61 3.183 43 3.198 — .030 
October 19 8.074 63 Selb ie PSO 3.112 + .077 
November 16 3.086 84. 3.158 46 3.097 + .122 
December 3 2.959 53 3.137 8 3.048 + .178 
842 637 
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The probable error of a single determination computed from the daily mean of all, 
and therefore including that part due to the declinations employed, is found to be as 
follows : 


if 
Evening observations 0.222 
Morning observations 0.246 


The Constant of Aberration. 


As each pair of stars, with two exceptions, was observed both evening and morning, 
when the effect of aberration was not far from its maximum value, this series is well 
adapted to an investigation of that constant, if by any means the effect of the latitude 
variation can be eliminated. In fact this formed a part of the original plan in arranging 
the scheme of observation. 

Unfortunately, however, in a series like this, the effect of aberration cannot be sepa- 
rated from the latitude variation without some assumption with regard to one or the 
other. In the present case it has been assumed that the latter can be represented by a 
single periodic function, the period being fourteen months. Each observation will then 


give an equation of the form 
by + A+ An + By + Op + TM=¢ 


Where do is an assumed latitude, 
A a constant correction, 
Ax + By the’ periodic terms, 
Cp the correction on account of error in Struve’s aberration constant, 
Tu uniformly progressive change in the latitude. 
For full details as to the process of combining and solving these equations, reference 
may be had to the series of 1892-98. ; 
The resulting correction to Struve’s value of the constant of aberration, which is 
the only term we are now concerned with, is 


+ //,0027 + 0140 
Struve’s value 20/’.4451 
Final result 20.448 + 014 


It is no doubt an open question whether this value is entitled to very great confi- 
dence as a determination of the aberration constant. If the series had been continued 
for three months longer, so as to embrace an entire period of fourteen months, or if it 
had happened to be arranged symmetrically with respect to a maximum and minimum 
value of the latitude, its weight would no doubt have been very materially increased. 
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As neither of these conditions have been met, it appears quite doubtful whether the 
method pursued has been entirely successful in eliminating the latitude variation. 
At all events it has not been thought advisable to introduce any correction on 


account of aberration. The foregoing results therefore, as to latitude, depend upon 
Struve’s value of this constant. 


THIRD SERIES. 
October 10, 1892, to December 27, 1893. 


Before beginning this series some changes were made in the building and instrument, 
the most important being the following : 

The width of the observing slit was increased from 20 to 36 inches. It was hoped 
that this might reduce the liability to disturbance in the way of irregular refraction. 
The instrument was fitted with two latitude levels to replace the single one before used. 
The latter had deteriorated to such an extent as to be worthless for refined determination 
of latitude. The new levels were furnished by G. Saegmiiller, of Washington, and 
proved superior to any heretofore employed. 


The Level Values. 


The method of determining these, with an example illustrating the process, will be 
found in the publication of results for 1894, ’95.* That series being a continuation of 
this one, no change in this particular occurred. 


Six different determinations were made as follows. The upper level is called A, the 
lower B: 


1892 September 30-October i A 1.335 B 1.006 Thermom, 62 
December 29-December 81 1.895 1.058 24 
1893 March 380—March 31 1.370 1.024 44 
June 25-June 26 1.175 0.995 67 
October 4-October 12 1.307 1.044 59 
1894 January 7-January 8 1.273 1.037 36 


The values employed are as follows: 


1892 October -1893 February A 1.365 B. 1.082 
1893 March - June 1.272 1.010 
July - October 1.238 1.020 
November - December 1.286 1.040 


In observing care was taken to keep the level correction small, in order to minimize 
the effect of any uncertainty as to the true value. 


* Vol. xx, TRANSACTIONS OF THE AMERICAN PurLosopHicaL Society, Article iii. 


320 THE SAYRE OBSERVATORY. 


The Merometer. 


The description of the micrometer and reticle found in the publication of results for 
1894, 95, before referred to, applies equally to the present series. The methods o! 
observing and of determining the intervals of the micronreter threads being the same in 
both series. 

At various times transits of circumpolar stars near elongation were observed for the 
purpose of determining the screw value. Of these 51 Cephei and 6 Ursee Minoris were 
each observed at five elongations; 48 Cephei at twenty, and Groombridge 750 at fitteen 
clongations respectively. In comparing the results it became obvious that the effect of 
constant use in wearing the screw was manifest, and that the value should be treated 
as a variable quantity. 

The method of procedure adopted, as seeming least objectionable, was to derive the 
screw value from the latitude observations, as will be explained presently. 

The above-mentioned transits of circumpolar stars were employed for investigating 
the progressive errors, which were increasing with the increased wearing of the screw. 

Let » be the number of revolutions of the screw reckoned from the middle of the 
scale—the middle in this case is revolution 20. 

FR the mean value of one revolution. | 

The errors being supposed uniformly progressive, the space s corresponding to » will 
have the form 


S= Rn + pn? 
For a second reading 


S’ = Rn! + pn”? 
S—-V=Rm—n) +p W—n”) 


The transits are observed from 33 to 7. The observed times are corrected for 
change of level and curvature of the stars’ path. They are then combined by subtract- 
ing 35 from 19, 32 from 18, . . . . 21 from 7, thus obtaining a series of values for the 
time required for the star to pass over a space equal to fourteen revolutions of the screw. 
If no progressive or other errors were present these times should be equal. The 
difference between any individual value and the mean of all is taken as the correction 
due to the progressive error expressed in seconds of time. This must then be reduced 
to the equivalent in screw revolutions. 

In the following tabular statement is found the mean values of these differences, 
those for 51 Cephei being reduced to the scale of 6 Urse Minoris and those for 43 
Cephei to Groombridge 750. 
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Micrometer nr? —n/2 Observed dif. a 4 
1 19 — 33 — 168 — 3.64 + .58 
2 18 — 82 — 140 — 2.29 — .30 
3 17 — 31 — 112 — 2.23 + .16 
4 16 — 30 — 84 — 1.04 — .d1 51 Cephei and 
5 15 — 29 — 456 — 1.24 + .20 6 Ursee Minoris. 
6 14 — 28 — 28 — .67 - .15 
7 13 — 27 — 90 + .36 — .36 
8 12 — 26 + 28 + .88 — .36 
9 11 — 25 + 56 + .94 + .10 
10 10 — 24 + 84 + 1.82 — 27 
ial 9 — 23 + 112 + 2.29 — .22 
12 8 — 22 + 140 + 2.41 + .18 
13 7— 21 + 168 + 2.36 + .75 
1 19 — 33 — 168 — 1.70 — .18 
2 17 — 31 — 112 — 1.34 + .12 
3 15 — 29 — 456 — .71 -+ .10 43 Cephei and 
4 13 — 27 — 0 + .20 — .20 Groombridge 750. 
5 11 — 25 + 56 + .51 + .10 
6 9 — 23 + 112 + 1.22 — .00 
7 7—21 + 168 + 1.82 + .01 


The “observed difference ” is the observed value of p (n? — n’?). 
The time required for 51 Cephei to pass over a space equal to one revolution is 57°.06. 
That for 750 Groombridge 40°.92. Therefore, 
From 51 Cephei and 6 Urse Minoris p = + *.01855 = + .000825 RF 
43 Cephei and 750 Groombridge + 01086 = + .000265 Rk 


Mean + .000295 R 
Which is the value employed in this series. 
The corresponding corrections in terms of screw revolutions follow: 


7 and 88 +.0499 
8 32 0425 
9 31.0857 

10 30.0295 

11 29  .0239 

12 28 0189 

18 27.0145 

14 26 0106 

15 25 0074 

16 24 0047 

17 28 0027 

18 22 0012 

19 21 0008 


A preliminary reduction of the latitude observations is now carried out, applying 
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these corrections to the micrometer readings and using an approximate value of the 

screw. The temperature coefficient deduced from the 1889, ’90 series has been used. 5 
This was derived before the complication due to wearing of the screw had become 
noticeable and seemed reliable. The value assumed is as follows: 


R = 50.5194 — .000367 [T — 45°] 


T being the thermometer reading. 
Each latitude determination now gives an equation of the form 


Vp [4¢— (4 — MM) AR= nj 


Where Ad and AR are the corrections to the assumed latitude and micrometer 
values respectively. An example illustrating this process may be found in the published 
results for 1894, ’95, before referred to. | 
Sixteen series of equations were formed for determining the values of Ag and A2R, 
the time embraced by each series therefore averages something less than a month. 
The results for A2f follow. No use was made of A@: 


Adjusted 
AMR AMR c-o 
1 1892 October 10-October 24 — .0111 — .0088 + 23 ; 
2 October 30-November 26 — .0090 — .0056 + 34 ‘ 
3 December 1-December 28 + .0029 — .0024 — 53 
4 December 26-January 20 + .0017 + .0009 — 08 Po? 
5 1893 January 21-February 16 — .0001 + .0041 + 42 ? ; 
[> 
6 February 20-March 18 + .0100 + .0078 —27 ore 
q March —18-Aprril 4 + .0181 ++ .0106 
8 April 16-May 1 + .0124 + .0138 
9 May 8-June 8 + .0209 + 0170 
10 June 8-June 30 + .0216 + .0203 
11 July 2-July 23 + .0205 + .0242 
12 July 27-August 10 + .0244 + .0288 
13 September 2-September 23 + .0836 + .0887 
14 September 27-October 24 + .0366 + 0881 
15 October  25-November 30 + .0461 + 0425 
16 December 4-December 27 + .0470 


= 


ljustment was graphic and, as will 
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zenith distance was as great as twenty revolutions. In such cases threads IJ and IV were 
used to avoid the large number of turns of the screw. 

The distance between II and IV was therefore required with accuracy and was 
determined at frequent intervals. Below will be found the amount to be added to the 
micrometer correction required on account of the amount by which II-IV differed from 
twenty revolutions. ‘The progressive diminution is evidently due mainly to the increased 
value of & from wearing: 


1892 October 10 + 154 1893 February 24 a 0.88 
October 14-November 17 -- 1.25 25 + 0.82 
November 20 + 1.20 February 26-July 21 + 0.81 

os 22 + 1.16 July 23 + 0.77 

6 26 + 1.11 sa 27-August 10 + 0.74 

December 1-December 11 -- 1.05 September 2-September 22 -- 0.55 

us 2 + 1.01 os 23 + 0.48 

$9 12 + 0.97 ge 27%7-October 24 -+ 0.42 

oe 15 L 0.94 October 25 + 0.36 

a uy + 0.90 fe 28 + 0.31 
December 18-February 15 + 0.86 October 29-November 16 + 0.25 

1893 February 16 +- 0.85 November 26 + 0.16 
ss 20 ++ 0.84 $e ~28-December 25 + 0.06 


The Star Last. 


The list of stars found in the following pages shows the values of the coordinates 
for 1892, 93 actually employed in the latitude reduction. The Right Ascensions differ 
slightly from the definitive values, but this is of no importance for present purposes. 
The last column, headed “correction for curvature,” is the only one which appears to 
eall for explanation. This is the sum of the values of the quantity 


3 (15 T)? sin 1’ tan 0 


Computed for each star of the pair, T being the interval from the time of bisection to the 
time of passing the meridian. 
The reduction to apparent place was made by the formula 


¥ (6 +0") = 3 (Oo +) +3 ta) Tt +S (e+ a) AE +!) B+3 (e+ 0’) C+3 (a+ a’) D 


A, B, Cand D being taken from the American Ephemeris. 
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Group No. BAO, a1892 a1893 81892 81893 a! ae take 
+ h om 8 en i ‘/ 1 4 M 
1 6599 19 12 37.11 89.19 87 56 29.82 36.09 + .0140 + .06 
6656 19 20 81.77 33.66 43 10 39.27 46.18 — .0362 

2 6697 19 26 58.91 60.48 51 29 59.15 66.71 + .1250 -+- .06 
6740 19 85 6.55 8.92 29 54 16.46 24.59 + .0468 

3 6784 19 42 19.52 21.80 83 28 35.54 43.76 — .4397 + .06 
6830 19 48 56.15 57.91 47 39 11.19 20.36 — .0070 ; 

4 6876 19 55 56.84 58.72 45 28 39.28 48.98 0197 ++ .06 
6915 20 2 20.99 23.21 35 40 380.41 40.19 — .4269 

5 6962 20 9 54.3 56.24 46 29 20.22 30.97 — .0141 + .06 

I 6998 20 14 80.25 82.55 34 88 43.57 54.69 + .0108 

6 7087 20 19 87.34 87.64 68 32 5.381 16.82 + .0330 + .09 
7094 20 28 50.50 53.383 12 39 26.94 39.10 -++ .0388 

7 7140 20 88 41.82 44.50 20 49 20.54 83.01 + .0112 + .07 
W176 20 88 0.22 1.50 60 6 52,81 65.73 + .1673 

8 7213 20 48 12.08 14,42 386 5 38.18 51.29 -+ .0026 + .06 
254 20 49 82.09 84.19 44 46 21,49 35.00 — .0053 

9 7297 20 55 47.26 49.58 39 49 52.35 66.47 + .2072 + .06 
7326 20 59 49.46 51.70 41 12 4.08 18.15 — .0476 

10 7380 21 10 25.51 28 51 4 48 5.56 20.29 — .0764 + 18 
7438 21 16 52.56 52.00 76 33 26.80 41.99 +- .0105 

1 7509 21 28 55.90 55.70 75 55 48.89 59.74 — .0107 ++ 18 
1522 21 88 7.28 10.29 517 4,82 20.42 -- .0308 

2 7561 21 88 52.92 55.86 9 22 47.99 64.37 ++ .0093 + .10 
7597 21 41 44,91 45.66 71 49 30.18 46.65 — .0433 

38 |BD59.2444 21 55 55.16 57.05 59 46 48.32 65.51 + .0044 + .07 
7712 22 2 46.01 48.83 21 10 38.09 55.51 — .0655 

4 7760 22 8 10.99 12.388 69 85 56.13 73.85 + .0075 + .10 
7796 22 16 12.09 15.04. 11 89 40.03 58.08 -- .0166 

I] 5 7820 22 20 8.05 10.47 48 55 48.77 61.94 — .0133 + .06 

7848 22 25 5.389 8.18 82 1 11.56 29.91 — .0058 

6 7915 22 86 38.55 41.23 39 39 40.80 59.54 — .0029 ++ .08, 
7932 22 39 16.47 19.14 41 15 9.05 27.88 ++ .0148 

7 7962 22 45 29.46 32.16 41 22 53.38 72.37 — .0061 -- .05 
7978 22 48 15.14 17.88 89 85 36.42 55.48 — .0121 

8 8024 22 56 56.72 59.25 56 81 81.05 50.84 — .0064 + .07 
8052 25) eOl al 54.03 24 53 7.44 26.82 — .0279 

9 8078 23 6 17.05 20.09 Smeomesu 20.71 + .01389 + .12 
8122 23 13 59,14 61.82 73 5 55.02 74.64 — .0321 © 
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Group No. B.A.C. a1892 1893 51892 31893 pl Cor. for 
Curvature 
; h m 8 8 On”. i “ // ; Mt 

1 8195 23 25 58.63 61.57 38 38 34.70 54.46 — .0731 + .06 
8229 28 82 50.27 53.20 42 40 12.61 32.63 -++ .0026 

2 8252 23 87 49.95 52.85 52 83 12.23 32.18 — .0042 +- .07 
8284 23 44 11.40 14.43 28 14 28.17 48.20 -++ .0194 

3 8317 23 50 8.99 11.97 56 48 39.88 59.91 — .0108 + .07 
8324 23 52 15.33 18.38 24 82 27.64 47.65 — ,0258 

4 16 0 4 42.50 45.60 45 28 16.31 86.35 — .0054 + .06 
LL 220 0 11 5.382 8.44 85 58 22.91 42.98 + .0501 

III 5 99 0 22 21.14 24.25 18 55 0.51 20.46 — .0090 + .07 
126 0 26 51.69 55.06 62 20 8.36 28.27 — .0050 

tls) 194. 0 88 380.94 34.80 74 23 51.48 71.22 — .0307 + .138 
222 - 048 4.70 7.81 6 59 49.90 69.57 — .0349 

7 259 0 50 45.48 48.79 37 54 48.37 67.97 -+- .0880 + .06 
318 1 1 48.74 52.11 43 21 59.45 18.72 — ,0602 

8 394 1 18 52.52 56.47 64 5 29.61 48.60 — .0293 + .08 
413 118 2.58 5.79 17 15 19.22 38.09 — .0307 

9 438 1 23 11.69 16.07 69 42 30.97 49.64 — .0748 + .10 
459 1 26 49.53 52.70 11 19 36.81 55.45 + .0061 

10 480 1 80 27.54 81.04 40 51 54.15 72.29 — .8709 + .05 
502 1 34 12.29 15.81 40 1 47.50 65.86 — .0217 

zi 592 1 51 26.96 30.23 17 17 24.20 41.91 — .0171 + .08 
611 155 0.62 4.97 63 52 5.06 22.64 + .0010 

2 656 2 3 7.04 10.60 34 28 34.28 51.47 — .0355 + .06 
706 2 12 18.73 22.58 46 52 52.50 69.28 — ,0143 

3° 744 220 9.88 14.74 66 54 59.22 75.64 ++ .0074 + .09 
780 2 26 59.28 62.58 14 88 21.82 37.92 -+- .0402 

4 816 2 85 19.25 23.51 54 88 40.29 55.88 — .0286 +- .06 
872 2 483 87.57 41.06 26 48 54,19 69.24. — .1028 

TEV, 5 916 2 52 41.97 45.84. 40 36 7.48 22.06 — .0405 }- 05 
963 3 1 8.46 12.385 40 382 20.98 35.09 -+ .0045 

6 981 3 4 19.01 22.86 89 12 3.23 17,15 -++ .0083 + .06 
993 38 7 46.58 50.54 42 5 59.41 73.12 -+- .0164 

q 1050 319 77.72 18.83 71 29 12.68 25.68 -+ .0046 + .10 
1068 3 21 18.96 22.21 9 21 20.54 33.31 — .0366 

8 1119 8 33 19.21 22.60 16 11 5.84 17.78 — .0304. |- .08 
1144 8 39 38.08 43.51 65 11 28.97 40.48 — .0130 

9 1221 3 50 29.11 82.65 22 9 59.06 69.69 — .1052 + .07 
1237 8 55 27.20 82.17 58 51 17.12 27.49 .0006 

10 1274 4 2 52.42 55.89 19 19 238.33 33.10 — .0842 -+- .07 
1286 4 7 22.56 27.81 61 34 40.44 49.89 — .0186 
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1586 
1555 


1583 
1625 


1687 
1706 


1751 
1821 


1862 
1874 


1923 
1942 


1970 
2007 


2045 
2101 


2189 
2159 
2187 
2238 
2801 
2841 
2365 
2410 


2429 


2473 


2488 
2509 


2551 
2616 
2676 
2704 


2786 
2792 


2819 
2880 


2953 
2982 
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al892 
hh m 7 8 wi he we : 
411 6.79 11.28 
4 19 18.64 17.44 
4 81 24.88 29.08 
4 84 34.07 87,82 
4. 48 58.61 61.86 
4 48 88.09 45.64 
4 58 48.72 54.04. 
4 57 65.41 58.98 
5 8 28.20 83.'76 
5 10 25.17 28.68 
5 19 20.25 28.47 
5 25 17.56 25.56 
5 81 86.98 43.00 
5 40 82.85 86.80 
5 46 14.17 17.58 
5 49 86.89 42.61 
5 55 80,78 85.07 
5 59 8.48 12.56 
6 8 1.66 5.28 
6 10 5.68 10.98 
6 17 28,08 28.32 
6 28 50.59 64.22 
6 29 7.82 11.45 
6 81 87.08 41.87 
6 86 41.49 46.80 
645 4.71 8.31 
6 56 88.42 42.28 
7 4 58.07 62.77 
% 9 16.48 21.68 
7 18 40.40 43.98 
7 19 88.58 44.88 
7 28 47.11 50.45 
7 28 41.21 45.58 
7 82 6.98 10.91 
7 87 55.68 59.80 
7 AT 41.48 46.88 
7 57 27.90 81.44. 
8 1 12.06 17.02 
8 18 80.86 84.02 
8 15 87.89 42.44 
8 21 17.52 22.55 
8 29 6.95 10.40 
8 88 32.92 86.82 
8 44 28,52 88.52 


aateai 


oy i 
49 47 5.09 
81 11 40.58 


52 51 49.02 
28 24 18.46 


6 46 20.17 
74 6 8.77 


60 17 0.84 
21 7 88.24 


62 88 25.88 
18 19 6.68 


615 4.80 
74 58 15.89 


65 88 16.94 
15 46 46.91 


14 8 87.52 


67 O 8.42 


42 54 50.85 
88 29 80.87 


22 12 24.54 
59 2 57.07 


58 28 31.80 
22 36 58.11 


88 31 55.12 
42 84 59.54 


59 82 60.42 
21 583 16.82 


29 80 63.76 
51 86 25.86 


59 6 83.96 
22 10 50.49 


68 41 7.27 
12 18 45.77 


46 25 4.24 
84 49 52.83 


24 89 23,26 
56 47 15.51 


22 22 22.99 
58 83 49.44 


27 88 61.18 
58 83 61.09 


61 4 48.08 
17 57 40.05 


18 82 63.20 
62 21 56.76 


51898 
‘/ 
14.19 
48.95 


56.56 
25.78 


26.78 
9.94 


6.58 
38.61 


80.78 
10,98 


8.838 
18.92 


19.88 
48.61 


88.72 
9.28 


51.09 
80,40 


24.28 
56.21 


29.77 
56.08 


52.55 
56.72 


57.21 
12.87 


58.04 
19.75 


27.96 
44.15 


0.89 
88,58 


56.67 
44.85 


14.89 
6.40 


18.15 
89.24 


49.72 
49.80 


81.82 
27,90 


50,17 
48.59 


i Dunianars 
ey Ngee 
— .0628 + 106 
OG 
— .0166 + .06 
— (0298 
+ .0845 te 018 
+ .0298 
— .0140 + 07 
— .0156 
+ 0079 + .08 
— .0040 
— .0079 Sts 
+ 0124 
— .0887 + .08 
+ 0011 
+ 0018 + 07 
— .0457 
— .1487 + .06 
— .0420 
+ .0008 + .07 
+ 0271 
— .0072 a2 07 
"4. 0081 
— .0215 + .06 
— 10594 
— .0087 PER, 
— .0298 
— .8112 + .06 
+ .0048 
— .0248 a 
—— .0056 
— .0479 4. 65 
— .0099 
0091 + .06 
— .1296 
— .0515 | .07 
— .0281 
+ .0018 4.07 
— .0786 
— .8769 + .06 
— .0999 
— .1155 + 07 
— .0000 
2308 + 07 
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Group No. BAC. a1892 
hm 8 

1 8003 8 47 21.66 
8052 . 8 51 33.31 
2 8083 8 57 42.81 
3109 9 1 31.02 
3 3140 9 8 24.95 
3170 9 12 56.43 
4 8228 9 22 44.10 
82381 9 24 41.72 
VII 5 8281 9 31 37.20 
3307 9 35 18.87 
6 8875 9 47 10.62 
3397 9 51 8.04 
7 - 8468 10 4 48.70 
3505 10 10 34.96 
8 3530 10 15 45.41 
3584 10 23 48.23 
9 3647 10 34 34.61 
3693 10 40 42.05 
10 3725 10 47 2.00 
3751 10 50 42.75 
1 3787 10 59 29.'74 
3825 11 6 27.39 
2 3877 11 18 17.62 
8914 11 24 59.24 
3 3949 11 32 2.45 
LL 22186 11 38 28.65 
4 4010 11 46 45.40 
W.B. 956 11 50 47.81 
VIII 5 4074 12 0 12.381 
4099 12 5 1.35 
6 4123 1210 4.89 
4141 12 18 51.93 
7% 4195 12 21 33.29 
4217 12 24 56.58 
8 4239 12 28 52.41 
4271 12 86 25.13 
9 4300 12 42 42.11 
4318 12 46 50.06 
10 4371 12 57 84.17 
4403 13 4 29.33 
il 4433 13 8 49.16 
4467 13 15 28.61 


a1893 81892 81893 wl oe 
8 Ore ll “ “ 
26.87 65 0 59.45 45.98 — .0886 + .08 
36.66 15 59 44,39 30.78 + .0871 
47.06 51 14 73.52 59.40 — .0793 + .06 
34.64 30 5 17.00 2.73 + .0062 
29.30 54 27 63.03 48.40 ++ .0646 + .06 
59.95 26 42 23.87 8.90 — .0167 
47.29 8 39 33.31 17.79 — .0093 =F 11 
47.49 72 40 64.52 48.82 — .0748 
40.96 40 43 217.5 11.76 + .0118 + .05 
22.60 40 14 59.27 43.04 — 0402 
14.21 "85 29 81.01 14.23 — .0030 + .06 
11.85 45 55 42.80 25.79 — .0440 
52.27 37 55 61.21 43.60 — .0340 + .06 
38.60 43 26 72.44 54.59 — .0372 
48°99 41 46 88.74 20.58 — .1408 + .05 
51.75 39 28 39.79 21.48 + .0024 
38.76 66 16 55.04 36.29 — .0752 + .09 
45.24 14 45 53.32 34.40 — .0516 
5.66 55 9 32.62 13.57 0186 + .06 
46.01 26 4 36.19 17.04 — .0090 
32.94 25 46 70.21 50.79 — .0596 + .06 
30.92 55 28 51.77 32.25 — .0097 
20.75 11 7 26.63 6.83 0734 + 10 
62.86 69 55 387.48 17.64 — .0239 
5.78 51 12 59.99 40.05 — .0348 Ly 
31.79 30 10 46.23 26.29 + .0166 
48.88 38 29 36.80 11.01 —5.7721 + .05 
50.93 42 36 52.84 32.79 — .0091 
15.38 63 81 71.28 51.15 — .0818 ae AUS 
4.41 17 24 387.09 17.05 + .0070 
7.88 57 387 57.70 37.67 + .0024 + .07 
54.97 23 37 64.65 44.63 — .0108 
36.28 28 51 67.68 47.64 — .0803 + .06 
59.44 52 7 53.87 33.94 ++ .0032 
55.00 70 22 60.87 40.98 |: -+ .0069 + .10 
28.16 10 49 50.92 31.02 — .0969 
44.69 63 21 74.17 54.45 — .0102 ++ .08 
53.04 17 89 41.16 21.52 — .0043 
36.56 64 11 25.35 5.94 + .0109 + .08 
32.28 17 25 29.05 9.79 + .0011 
51.89 40 43 29.10 9.96 + .0093 + .05 
31.30 40 42 63.06 44,07 — .0185 
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Group 


a1892 


a1893 


No. B.A.C, 51892 $1893 pw! 

h ‘ 8 2) / 11 “ 
1 4510 18 24 29.28 31.44 60 29 72.98 54.30 | + .0240 
4562 13 85 30.91 33.77 2029 67.51 | 49.20 | + .0g77 
9 4604 14 1 38.79 41.44 81 21.57.84 | 40.45 | — .0994 
4701 14 4 15.20 17.45 49 57 66.69 | 49.57 | + .0504 
3 4728 1410 2.28 4," 42 133.37 | 16.36 | — 1011 
4758 14 15 21.60 24.07 39 17 25.80 915 | — ‘0024 
IX 4 4825 14 30 13.64- | 16.10 87 5 61.91 45.96 | — .0536 
4841 14 34 9.18 11.44 44 620.04 | 13.39 | + (0298 
5 4874 14 39 21.71 23,20 61 43 20.20 4.77 | — 0898 
4905 14 46 24.51 97.36 19 3257.37 | 42.29 | — ‘0803 
6 4926 14 51 7.40 - 10.23 1452.58.86 | 44.14 | — .0009 
4949 14 55 52.14 53.09 66 21 45.20 | 30.79 | + [0170 
4 4974 15 0 18.80 15.78 48 430.32 | 1619 | +0861 
5000 15 6 16.30 18.72 33 29 17.10 3.32 | — 0028 
1 5072 15 17 29.11 81.51 38 19 13.36 0.31 | + .0104 
5118 15 25 57.02 58.93 48 46310 | 50.61 | — 0050 
2 5147 15 29 24.74 25.57 64 84 19.26 7.10 | + .0806 
5180 15 36 111 3.86 16 22 23.64 | 11:85 | — ‘0098 
3 5210 15 89 54.69 56.84 52 41.66.78 | 55.81 | + .os5e 
5236 15 44 7.40 y.87 28 29 17.86 6.65 | + 0011 
4 5271 15 48 56.38 58.45 42 45 14.01 3.79 | + .6288 
5295 15 51 51.84 54.02 38 15 82.77 | 292.99 | + log44 
x 5 |BD72.703/ 15 56 44,08 43,46 72 41 62.88 | 52.58 | -+.0179 
5366 16 3 15.61 18.50 8 49 18.19 8.42 | — 0015 
6 5466 16 17 9.38 11.98 19 24.25.18 | 1652 | + .0463 
5512 16 22 81.87 32.68 61 45 31.30 | 23.08 | + ‘0554 
"7 5568 16 83° 2.08 3.88 46 49 55.35 | 47.98 | + .0082 
5619 16 39 52.92 55.04 34 14 17.25 10.46 | + ‘0709 
8 5658 16 44 38.54 39.78 55 35 64.75 | 58.97 | —.0066 
5703 16 50 36.89 39.35 25 5418.03 | 12.04 | — ‘o109 
9 5752 16 57 22.74 98.84 56 50 49.64 | 44.96 | + .0806 
5786 17 4 5.61 8.08 24 87 30.16 34.28 | — .0491 
10 5842 17 18 20.06 92.97 83 12.59.99. | 55.94 | + .0085 
5911 17 23 52.40 53.99 48 20 62.87 59.71 | —.0149 


Cor. for 


“ 
+ 


+ + + + + + + + + + 


Curvature 


07 
.06 
.06 
.06 
07 
.09 


06 
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Group No. B.A.C. a1892 a1893 81892 81893 p! ont: jn 
hm 8 s a4 tt ‘/ r" 1] 1] 
1 5941 17 29 55.26 58.05 12 88 20.16 17.31 — .2256 + 10 
6006 17 387 85.10 84.74 68 48 28.08 26.44 | 3151 
2 6122 Viot. 34 2.37 72 0 54.91 54.64 — .0078 + 11 
6143 18 2 18.74 16.58 9 82 55.88 56.18 + 0969 
3 6193 18 9 28.61 80.61 88 44 36.44 37.28 + .0043 + .06 
62038 18 12 17.07 18.92 42 { 21.62 22.70 + .0024 
XI 4 6232 18 15 42.19 44.51 29 37 10.65 12.03 + .0102 + .06 
6258 18 18 57.06 58.47 51 14 55.90 57.54 — .0122 
5 6300 18 25 7.06 9.55 23 47 40.74 42.95 + .0137 + .07 
6848 18 30 42.63 43.66 56 57 46.84 49.51 — .01387 
6 6373 18 37 5.70 6.42 60 86 38.58 41.86 + .0451 + .07 
6387 18 41 0.90 8.48 20 26 35.68 38.91 — 3841 
uf 6476 18 51 56.27 57.85 48 43 27.97 32.85 — .1240 + .06 
6491 18 54 54.24 56.48 82 32 29.85 34.61 + .0029 
8 6534 19 0 50.89 5387 31 34 59.88 65.07 — .0706 + .06 
6579 19 9 17.51 19.08 49 39 8.10 14.69 + .6214 


The Latitude Observations. 


The details of the latitude determination are given in the pages following. The 
expression for the latitude is as follows: 


¢=} (0+ 0/) +2R (M— mM) + id [(n — nr’) — (8! — 8)] + (m+ m') +43 7 — 7") 


Mand M’ are the micrometer readings. 
n, s, n’, s’, the readings of the north and south ends of the levels. for the two 
stars. 
m and m’, the correction for curvature. 
r and 7”, the corrections for refraction. 
The columns which seem to call for explanation are as follows : 
Column P gives the position of the instrument. 
D, Direct. The telescope east when pointed south of the zenith. 
R, Reverse. The telescope west when pointed south of the zenith. 
C, The correction on account of progressive errors of the screw. 
Levels A and B, the value of (n—n’) — (s’~s) for each level. 
Columnn 6 gives the sum of the corrections for AiR given on page 322 with that 
for curvature found in the last column of the star list. 
In ease of those pairs observed with threads II and IV the correction given on page 
323 is included. 
- Column A gives the reduction on account of the adopted value of the Constant of 
Aberration, to be explained later. 
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Throughout this table the footnote references a, b, c and d indicate as follows: a= e. e. f. ; b = definition very 


poor; c — levels discordant ; d = clouds. 


Levels Corrections 
1892 | Pair | P Micrometer OL) ae el ak (eae Latitude A | Ther. 
A B Micrometer é ZT r 
Oct. OL olin iy 
10 [I 4|D 18.4877 |22.1190 |+ 6|-+ .9|/— .6/40 34 51.52/+ 1 31.73/+ 38i+ 8|+ 81/40 36 23.39/+9/54.2 
6| {20.0707 |20.9057 |+ 3)/— .4]/+ 8/40 36 2.20/+ 21.10/+ 8+ i414 23.42/18 
8| 32.6067" | 8.7467 |4+ 16] +1.1] + .6/40 26 18.72/10 2,70/+1.389/+ 26/117 23.24|+1-9]53.6 
10) 14.7310 |25.8190 |-4+ 16/+ .2}+4 .3/40 41 2.85/— 4 4010/4. 28/4  7—12 22.93/-+7 
II i] 22.1520 21.4943 |4- 9|—1.1|—9.0/40 86 41.56) 1S: 40N een i4eeeas 22.84/17 
V 4) D (29.6877 [15.4288 |4+211]— .4|—1.8|/40 42 23.42] 5 59.47/+ 20|\— 24/11 28.80/—2/41.6 
5 7.57734 131.8813!” |— 15] —1.1| —2.7/40 26 22.10/+10 1.26/+1.41/— 54/+20 24.43|—2 
6] {21.6360 |22.5933 |+ 11/—1.6|—1.2 |40 36 45.48; 22.44/1 14/— 43|—1 22.'74|—* 
7] |28.0750** |18.87901 j+ 63] — .5|— .4/40 42 35.83/— 6 11.39|—1.838/— 13/18 22.85|—2 
8] [22.2050 |18.5667 |+ 9/—2.0|/—1.0|40 34 26.18/+ 157.18|+ 4/— 47/4 4 22.92|—3 
9} 28.5293 |14.6763 |4+181/+1.7|+2.4/40 42 12.48]— 5 50.27/+ 18/+ 60\—10 22.89/38 
10} [18.6760 {21.8100 |+ 5|—1.0} —1.8|40 37 42.44/— 1 19.18/+ 10I— 40|— 8 22,.93\—% 
VI 1{ {15.4673 |24.0997 |— 12} 1.1] —2.2|/40 32 45.464 3 38.02/— 1/— 47/+ 7 23.07|—3 
8} 26.8063 [10.8118 |—113}—1.4]—2.8|40 48 8.08/— 6 43.75|+ 21/— 60/—13 23.81|—3]43.0 
4) (23.6200 |17.2347 |+ 15]—1.3|—1.4|/40 88 42.81/+ 2 41.38|\— ol— 40/+ 5 23.29|—8]43.0 
Oct. 6 8.06734 |29.3600% |— 9] —1.2 | —1.4/40 27 24.03] + 8 57.83/+1.44/— 988/+-19 23.11/—3/42.1 
11 {I 1] D 24.4047 /18.3080 |+ 49/+ .1]— .2/40 33 49.2114 23410/+ i1/— 1/4 4 23.35|-+9/60.3 
2} (27.8083 18.0777 |+ 17/+ .1/— .7/40 42 23.07/— 5 59.47/4+ 19 7-10 23.62|-++9 
8/ |25.4633 20.1743 |+ 87/— .7]/— .6|/40 84 9.34/+ 213.80/+ 1I— 19/+ 4 23.00|+-9)60.3 
4) 18.3310 (21.9413 |+ 2/+1.3/+1.8/40 34 51.60/+ 1 81.19/+ 3/4 45/4 3 23.30)/-+9/60.3 
5] 19.1520 /24.0420 |+ 44] +1.8/+2.3 /40 34 19.48/+ 2 3.62/+ i+ 60+ 3 23.'70|-+9 
6| |19.6553 20.4610 |— 1/— .1]/+ .1|40 36 2.29/4+ 2035/4 8 oj+ 1 22,73/-+8 
7} /80.91'73' /12.0160% |— 9] — .6)—1.4|40 28 24.37] 4 7 57.87/41.15|— 28/4115 22.76/-+8 
8} |82.1108'"| 8.22708 |4+ 3) —1.2|—1.0]40 26 18.85/4+10 3.23/+1.10/— 33/+17 23.02|-++9/58.5 
9} 28.4277 16.3310 |+168] —1.1|/— .2/40 31 17.76/+ 5 5.94|— 5I— ail+ 8 23.52/+9 
If 1) (21.7458 21.0483 |+ 6)—1.8/—2.6/40 36 41.72|— 17.75/+ 14/— 64/— 1 23.46|-+-'7/57.2 
2| |19.5807 |19.7467 0} +2.1) +2.6 |40 36 27.53/— 5.46/+ 10/+ 69] 0 22.86/+-7 
3} |14.0190 |31.4287 |+280/ — .9 | —2.0|40 29 03.561 ++ 7 20.42/— sl— 41/+14 23.63|/-+8 
V_ 5/ R [36.2087 |12.45574 |4- 95/ —1.6 | —2.9 40 26 22.19/10 0.21/+1.12I— 65/+20 23.07|—2/49.0 
6} 21.9283 21.0837 |+ 7 —3.6|—8.6|/40 36 45.54 — 21.88/+ 14/—1.038\— 1 23,21|—2 
7] {14.9223 [29.6697 |+198} —1.8/—1.0|40 42 35.89/— 6 18.01/+ 21/|—- 43/13 22.58|/—2 
8} 21.5097 |26.1500 |+105/—2.7|—1.8 140 34 26.16 4+ 157.48/+ 4/— e6gi+ 4 23.03|—3 
9) 14.2800 [28.0500 |+ 92] —1.5|—1.8/40 42 12.51/— 5 49.31/+ 18\— 31/10 22.97/—3/48.9 
10} [22.8943 |19.2800 |+ 16] — .7|—1.0/40 37 42.46 1 18.71/+ 10\— 25/— 3 23.57|—8 
VI 1} 26.7120 |18.07387 |-+122] 1.7) —2.2 /40 82 45.46] + 3 38.50/— 1/— 57/+ 7 23.45|—3 
3) 14.4247 |30.4120 |+228] 2.6]— .6|/40 43 8.05|— 6 44.40 21;— §2/—138 23.21|—3 
Oct. 4) 17.9813 24.3747 |+ 46]— .7|—1.0/40 33 42.96] + 2 41.61 fe Oi— 25/+ 5 23.67/—3 
14 j[ 2) R /15.1283 29.3763 |+190/ —1.4| 1.4 |40 42 23.05/— 6 0.33/4+ 19I— 42/10 22.39|+-9]64.4 
3) (19.5710 [24.8563 | 68) -+ .5/—1.1/40 34 9.38/4 218.66/+ i1}— 5/+ 4 23.04|--9 
4) (24.0647 20.4537 |+ 49|— .5/—1.0|40 34 51.68] -+ 1 81.32/4+ 3l— eil+ 3 22.85|-++9/63.5 
- 5) |28.8753 18.9818 |+ 42/— .1]+ .8/40 34 19.56/42 3.71 Qi+ 3+ 8 23.35|+9 
6} 20.6190 |19.7977 |+ 1/—1.0|—1.5 |40 36 2.46 H ae a 8i— 36/+ 1 22.94|-++8/62.6 
" 12.6413" 81.5407" |— 17) + .1|— .6/40 28 24.58/+ 7 57.29/41.15|— 5/415 23.12/+-9 
8/ — |10.98208 |34.8677'" + 68) — .1]—1.7|40 26 19.11] 410 3.43/-4+1.10\— 23/+17 23.58|--9 
9} 15.0763 [27.1530 [+ 80)+ .4/+1.4/40 31 18.0614 5 5.22\— 5/+ 25/+ 8 23.56|/-+9 
10) 28.1250 |17.0760 |+169}— .4]—1.0|40 41 3.39|— 4 39.48 23\— 20/—12 23.75|-+7/61.9 
If 1) [28.7493 [24.4720 |+ 19/—3.2|—3.5 140 36 42.08/— 18.30 t 14— 99\—1 22.92)--7 
2} 22.0410 [21.8627 + 2/—-1.8/—1.7|40 36 e7.94,— 4.51/+ 10_— 44/ 0 23.09|-+7 
3] 30.8350 [13.4327 |+219} 2.7/8.6 /40 29 4.05)-- 7 20.07/— si— 92/414 23,26/-++8)60.2 
V_ 1) D|14.2197 [30.5180 |+-226/ 5.8} —7.6 |40 29 32.45|+ 6 52.24/— 8|—1.88/-+-12 22.85|—1/51.2 
8) |80.8323'" | 6.99774 |— 24) — .5|—1.2/40 26 19 92/416 1.96|-+1.17/— 24/-+24 23.05/—1 
; Ae th 13.1690 |+ 26)-+ .4/+ .8140 42 23.91;— 6 0.83/+ 20/+ 11/—11 28,'78|—2 
{ pnts 21.6730 [+ 8)/—3.6'—4.2/40 86 45.81/—  22.20'1 14|-1.15|— 1 22.59/—2/51.8 
Pa 12.9723 |+ 34/4 .5|— .2|40 42 ae . — 6 13.38|+ 21)+  6)—13 22.90|—2 
6333 |16.9860 |— 19) 1.5 |—2.6 |40 34 26.37/44 1 57.84/4 4|— agit 4 23.'70|—3} * 
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Levels Corrections 
1892 | Pair | P Micrometer Cc y y Latitud A | Ther. 
A B a OB) Micrometer r) 1 r ; hes 
Oct. fo) 7} Vl (Oo, ‘i 
rv 9 27.9637 [14.1778 |+ 87) —1.7|—.1 /40 42 12.69|— 5 48.44/+ 18/— 69|/—10 |40 36 23.64|—3)/50.6 
VI1 17.7610 |26.3807 +105 —1.0 | —1.9 /40 32 45.56) 3 87.99|/— 1/— Al|-+ 7 23.20|—3)50.6 
2 24.7813 (17.7893 |-+ 54) — .7| —1.5 |40 88 27.18/4 2 56.74/— O|— 31/4 5 23.66|—3 
3 29.6873 |13.'7040 |+160) — .7|—2.0/40 48 8.07/,— 6 44.12/+ 21|/— 38/—13 23.65|—3 
4 24.1997 |17.8227 |+ 38] — .5|—1.5 /40 33 42.19 +241.17/— 0O/— QRIE ub 23.13/—3/50.1 
6 10.25404 |31.5587" |-+ 7| —1.2 | —2.0 |40 27 238.83/4 8 58.15 )+1.15 |— 46/+19 22.86|—3/50.0 
Oct. ui 22.3697 119.9860 |-+ 17| —2.2 | —2.5 |40 87 24.48/— 1 0.25 |-+ 8/— %0O\— 2 23.59|—3 
16 |V_ 1] R 80.5960 (14.4027 |+239 1.9 | +2.0 |40 29 32.77/+ 6 49.62/— 8/+ 58/412 23.01/—1|54.9 
2 20.1663 (24.5160 |+ 60 +1.6 | +1.6 |40 388 12.43);— 1 50.01 |4+ 10/4 48/— 3 22.97/—1 
3 12.9690% |36.7978%" +110) — .2|— .4/40 26 20.16/4-10 2.13/4+1.17;— 8/+24 23.62|—1|53.5 
4 14.9007 |29.1540 |+1'70| —1.3}—1.3 |40 42 24.16,— 6 0.44/+ 20|— 39/—11 23.42/—2 
5 31.'7520%" | 8.0120 |— 2] —2.8] —1.7 /40 26 22.77/+ 9 59.62 /+1.12|— 69/+20 23.02/—2 
6 28.4453 /22.5627 |+ 17) —1.4| —1.6/40 36 45.99, 22.384/+ 14/— 44|\—1 23.84|—2 
7 15.8547 30.0787 |-+-236} —1.2 | —3.0/40 42 36.31/— 6 12.50 + 21\|— 59/13 23.30/—2 
8 19.8340 |24.4710 |-+ 60) — .8|—1.7 40 34 26.51/4 1 57.27 \+ 4\|— 35/+ 4 23.51/—2 
9 14.4910 |28.2893 |+114) —2.2|—2.8 /40 42 12.84\— 5 48.81)/+ 18/— '73/—10 23.38|—2|52.0 
10 23.7823 |20.6587 |+ 41) —1.4)— .9/40 87 42.71/— 1 19.00/41 10|— 35|\— 3 23.43/—3 
Wile 25.7637 (17.1567 |-+ 73) —2.1|— .3 /40 32 45.65|4 8 387.58/— 1/— 40]. 7 22.89|—3 
2 18.7787 |25.78380 |+ 95) —1.8 | —2.4 |40 83-27.25/+ 2 57.16|— O|— 61/4 5 23.85|—3 
3 14.0270 {30.0167 |+191)—1.8}—1.6 |40 43 8.12\— 644.36/+ 21|/— 651/—13 23.33/—3/52.3 
4 17.4323 |23.81938 |-+ 22) —1.0}—1.8 |40 83 42.20/|+ 2 41.88|— O0|/— 40/4 5 23.23/—3 
5 17.8507 (23.2523 |-+ 18]—2.2/— .9/40 88 39.66|— 2 16.48/+ 12/— 49)/— 4 22.77/38 
6 31.4320%" |10.101'7H + 6|—1.9 | —2:0 |40 27 28.79|/4- 8 58.78 /+1.15/— 58/+19 23.33/—3 
q 20.8750 |23.2480 |-+ 29) —2.7|—2.8 |40 87 24.42/— 59.89 |-+ 8|— 82i— 2 28.77/—3 
8 81.5090 |15.2487 |+825) — .9|—1.5 |40 43 14.72\— 6 51.58/+ 21|/— 35|—12 22 .93|—3 a 
Oct. 
19 |I 1) p |25.2527 19.1507 |+ 79) —1.5)— .3/40 83 48.82)+ 2 3482/1 1/— 29/4 4 22.90|-+-9/61.9 
2 27.1897 |12.8927 0} + .1)— .2440 42 22.838)— 5 59.84/+ 19|/— 1/—10 23.07|--9 
3 23.3527 |18.0270 j-+ 22) —1.8)—1.1|40 84 9.23/4- 2 14.57 + 1/— 36/4 4 23.49)/--9 
4 19.9467 (23.5903 |+ 389) — .9|—1.9 /40 84 51.61)/4 1 32.12 |+- 3\— 40/4 3 23.89|-+-9/59. 6 
5| 119.2847 [24.1927 |+ 51/+ .6/+ .3/40 34 19.56/+ 2 3.84/4+ e2i+ 14/4 3 23.59|-1.9 
6 21.4503 (22.2717 + 10}— .3|—1.1|40 86 2.51/++ 20.77 | s8i— 19 “PF 1 23.18)+-8 
"i 30.23887%" 111.3223% |— 4) + .7}— .4/40 28 24.71\4+- 7 57.76/41.15/+ 7/415 23.84|+-9 
8 33.32281" | 9.4750! + 381) —2.7|— .8 40 26 19.29|+10 2.85)11.10;— 56/417 22.35/-++9 
9 26.5483 |14.4500 + 36)— .5|— .2 40°31 18.30-+ 5 56.66/— 5|— i1 + 8 23.88|-++-9|58.1 
10 14.4533 [25.5583 0} —1.9 | —1.7|40 41 3.59/— 4 40.48|+ 23|— 954/—12 22.68|--7 
He Mal 20.2490 /19.5080 O}+ .38)-+ 1/40 36 42.44/— 18.72/)+ 14\+ 6\— i 23.88/-+-7/56.9 
2 18.8923 |19.0880 0} —2.1 | —3.0 |40 86 28.32)— 4.94/+ 10|/— 74 0 22.°74|/-+7 
3 13.3703 |80.7267 |+210) — .8) —2.3/40 29 4538/4 718.91)— 8/— 43/414 23.07|-+-8]55.6 
V 1) D /18.3740 |29.6053 |+-143) — .6| —1.7|40 29 33 13/+ 6 50.85|— 8|— 382 +12 23.20/—1/48.8 
2 22.8940 (18.5400 |+ 18) + .9/-+ .1/40 88 12.75|\— 1 50.03|-+ 10/+ 17/— 8 22.96/—1 
3 31.4503" | 7.61904 |— 11] —3.2 | —2.9 |40 26 20.40/4-10 1.93|+1.17|— 92)/+24 22.82)—1 
4 28.0190 {18.7230 |-+ 73] — .6)—15 |40 42 24.42; 6 1.29/4+ 20;/— 29/—11 22.93|—2 
5 7.9283" 131.6568!" |— 5] — .6 | —2.3 |40 26 22.99 + 9 59.84/+1.12|— 38/+20 23.27/—2 
6 20.0080 /20.93820 |+ 38) —1.9|—1.9/40 36 46.15\— 23.47/4+- 14/— 57/— 1 22.24/—2 
vi 26.9567 |12.1748 |— 38}-+ .9|]— .8/40 42 36.47\— 6 138.29|+ 21/4+ 5/13 23.31/—2 
8 22.0423 17.4090 |— 9] —3.4|—3.0/40 34 26.62)+ 157.01/+ 4/— 96/4 4 22.'75|—2 
9 28.5730 {14.7220 |+1386) — .1 0/40 42 12.95,— 5 50.21/4+- 18/— 1|—10 22.81/—2 
10 18.4567 |21.61538 |+ 1|—3.5 |—8.2|40 37 42.79|\— 1 19.79/+ 10|—1.01/— 8 22.06|—2 
Vi 16.2407 |24.8798 |-+ 29] —1.4| —3.4 |40 32 45.69/4- 3 38.28/— 1|— 68/+ 7 23.35|/—3 
2 25.3940 (18.3873 |+ 78) —2.4| —8.3 |40 33 27.26)+ 2 57.18|/— O/— 88/4 5 23.66/—3 
3 29.7073 |18.7137 |+160] —1.9]—1.1|40 43 8.11);— 6 44.39/+ 21/— 46|—18 23.34|—3|46.3 
4 24.3440 |17.96387 j|+ 44) —1.3 | —2.2 |40 383 42.10/-+ 2 41.28 |— 0/— 50\+ 5 22.93|—3 
5 22.2727 (17.9027 | 2|/— .8|—2.2/40 88 39.56\— 2 15.65|4 12|/— 42/— 4 23.57/—3 
6 8.64184 |29,.9437i" |— 6] — .9 | —1.8 140 27 28.66/+ 8 58,07/41.15|— 38 +19 22.69)|—3 
"i 20.9770 118.5927 |— 38/— .8|—1.4/40 37 24.25, 1 0.22/4 8/— 23/— 2 23.86|—4) 


oon THE SAYRE OBSERVATORY. 


Levels Corrections. 
1892 | Pair | P Micrometer Cc 1 (8 + &) 4 Latitude A | Ther. 
A B Micrometer 6 UY r 
Oct. Oy ha ees Qe wail 
19 |VI 8 12.9573 |29.2467 |-++-105 0|— .1 140 43 14.51\— 6 51.72 |4 21/— 1)/—12/40 36 22.87\—3/46.3 
Oct. 9 29.6150%" | 9.7393 0} —1.7 | —3.5 140 28 0.50/+ 8 22.04 |41.14,— 74/416 23.10/—3]44.7 
21 IIT 1|R 118.9013 |25.0020 |+ 70)+ .4|]-+ .2 /40 88 48.77/4 2 34.27)4 Ij- 94 4 23.18/-+9|56.9 
2 14.6940 |28.8910 |+-151) —2.8 | —3.5 /40 42 22.80/— 5 58.97 |-+ 19/— 93/—10 22.99/+-9 
3 19.1830 /24.5107 |+ 59)/+ .4|)— .7 |40 34 9,28/+ 2 14.72 /4-- Ii— 2/4 4 23.98|+-9|55.4 
8; 
4 23.1043 119.4567 |+ 27] —2.2 | —2.4 |40 34 51.63/4+ 1 32.20 |+  3/— 68+ 3 23.21|/-++-9 
5 94,3007 119.8673 |-+ 53} —2.8 | —3.7 |40 34 19.61/+ 2 4.74/+  2/— 95/4 3 23.45/+9 
6 24,3480 |23.5130 |+ 19]/— .8/}—1.5 |40 86 2.58\+ 21.14/+  8/— 33/4 1 23.48/+-9|53.6 
8 9.0550 132.9323" |-+ 22} -— .5 | —1.3 /40 26 19.41/4+-10 3.15 |4+1.10)— 25/417 23.58) +-9|52.4 
9 16.7263 |28.8047 |+196) — .1|—1.6 /40 81 18.44/+ 5 5.57/— 5/— 22/4 8 23.82/-+9 
10 28.6770 {17.6000 |+206 0|—1.5 |40 41 3.75|— 4 40.80 |+ 23)— 19/—12 23 .37/+7/52.4 
Lid 21.5627 122.2903 |+ 8]/—2.9 | —2.3 |40 36 42.58\— 18.40/4+ 14/— 92)/— 1 23.39|-+-7 
2 21.8040 |21.6080 0) —1.2 | —1.9 |40 86 28.52/— 4.95 |+ 10)\— 45 0 23.22)/+7/51.7 
3 30.4873 |18.1200 |+185) —2.2 |—1.5 |40 29 4.86)+ 719.13 /— 8/— 57/414 23.48|+-8]50.9 
V 1) R [29.8907 |18.67538 |+170) —1.5 | —1.6 |40 29 33.33/+ 6 50.04/— 8/— 46/412 22.95|—1|/44.1 
2 19.9930 /24.3413 j|+ 55) +1.0 0 /40 88 12.92/— 1 49.98 |+ 10/4 17\— 8 23.18)—1 
8 11.0587! 184.8760! |+ 67/— 38 | —1.8 [40 26 20.50/4+10 1.92 |+1.17/— 28/424 23.55|—1 
4 14.9957 /29.2703 |+180) —2.5 | —1.3 |40 42 24.55|\— 6 1.04/+ 20/— 59/—11 23.01/—1 
5| 38.1123) 9.3897" |4+ ov] — 5 |— .2 140 26 23.09/4+ 9 59.48 |41.12I— 11/420 23.78|—2|43.1 
6 24.0117 /28.1193 |+ 18) — .3|—1.7 |40 36 46.20I— 22.59 |+ 14/— 27/—1 23.47/—2 
rf 15.5940 |30.84338 |-+258) —2.6 | —2.1 |40 42 36.52/— 6 18.22 |+ 21/— ‘'71/—13 22.67/—2 
8 20.2270 |24.8107 /+ 68)/+ .8/}— .2 |40 84 26.64/+ 1 55.95 /|4+ 4/4 2/4 4 22.69)—2 
9 13.5760 |27.4210 |+ 42)— .8/-+ .2 /40 42 12.96/— 5 49.84 /+ 18\— 11/—10 23.09)—2 
10 28.5457 |20.4450 |-+ 37) —1.0 | —3.2 |40 87 42.77/— 1 18.42|/+ 10/— 58/— 8 23.84) —2|43.0 
Ware di 25.2653 |16.6300 |+ 47) —4.5 | —2.8 |40 82 45.65/+ 3 38.24)/— 1|—1.12/+ 7 22.83|—3)42.4 
9| 19.7730 |26.7563 |+184|-+ .31+ .1 140 33 27.2014 25673|— olf 6/4 5 24.04|—3 
8 14.6388 |30.5928 |-+245]—4.1|—3.3 |40 48 8.03|\— 6 48.62 |+ 21/—1.12/—18 23.37|—3 
4 17.2597 /23.6670 |+ 17|/—1.0 | —1.3 |40 83 41.98/4 2 41.89|— O|— 34/+ 5 23.58/—3|41.8 
5 19.1980 |24.5553 |+ 59) —3.5 | —2.6 |40 88 39.42/— 2 15.47/+ 12)— 93/— 4 23.10|—3 a 
6 34.6177" |13.2980" |+- 30) —2.4 | —1.6 |40 27 23.51/+ 8 58.62 |41.15|/— 61/419 22.86)|-—3 
7 19.4417 |21.8277 |+ 8]—1.6|— .8 |40 37 24.07/— 1 0.29|+ 8i— 31/— 2 23.53|—4 
8 30.8583 {14.6220 |+262)-+ .7 |—1i.1 |40 48 14.30\— 6 50.67 /|4+ 21/— 2/—12 23.'70|—4|42.6 
Oct. 9 12.2993% 132. 1687i¥ O}+ .1)/-+ .8 |40 28 0.26/4+ 8 21.91 |41.14/,+ 5/416 23.52|/—3) 42.5 
23 |I 1] D [25.0083 /18.9210 |+ 74)/441.1]+4.7 |40 38 4872/4 2 38.94/41 1/4 4i|4+ 4 23.12|-1-9|55.00 
2 27.1413 |12.8933 0} + .4|+2.3 |40 42 22.79|— 5 59.88 |+ 19/+ 36/10 23.36/49 
3) [24.0290 |18.7517 |+ 42/41.5]}+2.7|/40 84 9.2514 218.4011 1/4 60/4 4 23.80|-+9 
4 17,9853 /21.5477 |— 7% +2.2|+8.0 |40 34 51.68/4 1 31.23/4+ 8/4 6é\4 8 23.73/19 
5 18.5767 |23.4780 |+ 31/+ .6|+1.0 |40 34 19.69)+ 2 3.87/41 2/4 23/4 8 23.84/+-9 
8 33.0250!” | 9.16604 | 24) — .6 | — .3 40 26 19.54/4+-10 2.69|11.10|\— 14/417 23.36)+-9]52.9 
9 27.9260 |15.8713 |+135)— .6|— .3 /40 81 18.62\4+ 5 479/— 5)\— 14/4 8 23.30/-+9 
1G sal 20.6193 |19.8503 0) + .1)— .4 /40 36 42.80,— 19.42/4+ 14/— 3/— 1 23.48)+7 
2 20.5323 |20.'7503 0} —2.2 | —2.1 /40 36 28.76)— 5.51 |+ 10/— 64 0 22.71|/+-7 
3 13.1227 |30.4800 |+185} —1.2 | —1.8 /40 29 5.034 718.88/— si/— 43/114 23.54)/+8)51.3 
V1) D /12.5303 |28.7220 |+ 57/4+1.9}+ .9 |40 29 33.56/+ 6 49.14 |— 8i+ 44/4+12 23.18} 0/45.6 
2 20.7237 |16.3733 |— 37) —1.0 | —1.8 |40 88 13.11/— 1 49.80|+ 10;\— 34|— 3 23,04/—1 
3 31.2983" | 7.49634 |— 15) — .5 | — .8 |40 26 20.64/-110 1.19 |4+1.17\— 19)/-+24 23.05/—1/45.5 
4 26.3777 |12.0910 |— 65} —1.7 | —1.7 140 42 24.69,— 6 0.71 + 20\— 51\—11 23.56)/—1 
5 8.0880" /31.8173'"|— 1] +1.8 0 /40 26 23.21/+ 9 59.39 |+1.12/— 30/+20 23.62/—2 
Oct. 6 20.1630 |21.0987 |+ 4/—2.9 | —1.6 |40 36 46.26\— 23.65 + 14-— 7O0— 1 22.04;—2/45.4 
24 |T 2) Rj14.5427 (28.7530 |+137/ —2.4 | —2.1 140 42 22.771\— 5 59.29 + 19\— 68/—10 22.89|+-9/47.1 
3} /19.8007 25.1057 |+ 76/— .1/— .6/40 34 9.25/+ 21419/+ i/— 94+ 4 23.40|-+-9 
4) |26,5597 /22.9378 |+101/-+ .3|— .7|40 34 51.7014 1 81.76/4 8|— 4/4 8 23.48|-19 
5 24,0010 |19.0987 |+ 44] —1.7 | —1.9 |40 34 19.72 +2 8.94)/+ 2)— 53/4 3 23.18)+-9/46.1 
Oct. 6} (24.9517 24.1580 |+ 20) O}/+ .1/40 36 2.73/+ 20.23/4 sit 1/41 23.06/-1-8)45.2 
380 {[ 5] D|18.1607 |23.0460 |+ 18]— .8}— .2 140 34 19.51 +2 3.45/+ 3/— 74 3 22.95|+-9/47.7 
! 
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Levels Corrections. 
1892. | Pair | P Micrometer Cel aan anatomy LA Shet $1) Latitude A | Lher. 
A B Micrometer 6 Z r 
Oct. \ oie Bde 
30 6 18.5357 |19.3257 \— 5|-+ .7/+1.6 |40 86 2.63/+ 19.94/+ 9/+ 82/-+ 1/40 36 22.99/+8 
7 82.0200" |13.1583% |— 20| — .2|— .4 |40 28 24.98/+ 7 56.89 |+1.22/— 8/+15 22.66|--8 
8 33.8360%" |10.0163" |4+- 43) + .1)-+ .2 /40 26 19.66)+10 1.'79 |41.18/4+ 4/+17 22.84|--9 
9 27.3858 |15.2983 |+ 92)/+ .7)— .2 /40 31 18.81/+ 5 428/— 1/+ 9/4 8 23.25|-++9 
10 14,4323 |25.59838 0 — .1/+ .5 |40 41 4.30;— 4 42,05 |+ 19+ 5|—12 22.37|+-7/45.6 
LOE ea) 22.4637 |21.6620 |+ 10/—1.9 |— .8 |40 36 43.24,— 20.27 /4+ 13)\— 43)— 1 22.66|--'7/45.1 
2 19.2777 19.5237 — .2|-+ .9 /40 36 29.28)— 6.21 \/+ 10+ 8 0O 23.25|/--7 
3 13.2400 |30.5687 |+4-195|— .4|—1.0 |40 29 5.69/+ 718.21 |— 2/— 20|414 23.82/-++8 
4 22.6017 [18.8653 |+ 13|—1.9 |—3.5 |40 38 9.96/— 1 47.04 /|+ 12|/— 77\— 4 22.23/--'7/43.5 
6 33.2248'7 |11.9460% |+ 4) — .6 |—1.4 |40 27 49.48/+ 8 32.23 |+1.19)\— 28/14 22.76|+8 
7 12.9587 |28.9220'" |— 22) —2.2 | —3.3 |40 29 39.64/+ 6 43.17 |-+1.21/— 80|+-12 23.34/18 
8 29.3240 |14.2807 |+158)+ .3|— .4 |40 42 43.66/— 6 20.29 |4+ 15 0\—11 23.31|+8 
9 18.2493 20.5157 |— 8) —1.2 | —2.4 |40 87 20.78\— 57.23 |+ 13)/— 51/— 2 23.15|+-6/42.3 
V_ 6) D 119.4448 |20.4150 |+ 2|—1.0|—1.4/40 86 46.90I— 2452/4 14/— 35|—1 22.16|—1/39.2 
a 27.5480 (12.7807 |-+ 13) —1.5 | —2.6 |40 42 37.20|\— 6 14.33 |+ 16|— 59|—18 22.31|—2 
9 29.9267 |16.1823 |-+-246) —1.0 | —1.2 |40 42 13.49|— 5 49 08 |+ 14/— 32/—10 24,13/—2 
10 20.4410 /28,5983 |+ 388)/-+ .7|— .8 |40 87 438.17,— 119 85 /+ 94+ 8/— 3 23.46|—2/39 .2 
VIN ds 15.4953 [24.1277 |— 10) — .9 |—1.7 |40 82 45.98\4 3 38.04 |4+ 2i— 37/4 7 23.69/—8 
2 24.9207 |17.9310 |-+ 57) —2.5 | —3.1 |40-83 27.39/+ 2 56.71 |+ 2\— 82/4 5 23.35|—3 
3 28.4627 [12.4567 |-+ 43|— .4|—1.6 |40 438 8.11|— 6 44.44 4+ 16/— 27)—13 23.43/—3 
4 23.2653 [17.8913 |+ 18) —1.2 | -—1.7 |/40 38 41.82/+ 2 41.06 |+  2|— 42/4 5 22.53/—3/37.6 
5 24,3283 /18.9580 |-+ 52) —1.9 | —2.9 |40 88 39.17\— 2 15.79 |-+ 10\— ‘70|\— 4 22.74/—3 a 
6 10.2803 /31.6173 |+ 7) + .2|}— .4 |40 27 23.16)+ 8 59.01 |-+1.22\— 1)/+19 23.57|—3/37.5 
8 12.4813 |28.7427 |+ 59) —1.6 | —1.0 |40 48 13.70/— 6 50.93 |+ 16/— 40/—12 22.41|—4 
9 31.4900%" |11.5943% 0} —1.0 | —1.2 |40 27 59.50/4- 8 22.59 |4+1.21/— 32/-+-16 23.14/—4/36.3 
10 24.0840 |18.1707 |+ 40|— .4|— .3 |40 83 52.94)/+ 2 29.48 |+ 3\— 11/4 4 22.38|—4 
abl 14.3693 [27.0563 |+- 54)/—1.5 |—3.0 |40 31 3.13/+ 5 20.63 |— O0j/— 64/-+10 23.22|—4 
12 30.4850 | 8.9913 |— 31)—1.7 |—1.8 |40 27 20.56/14. 9 2.88|— 5\— 52/417 23.04|—4/35.9 
Nov. | VII 2 25.6018 |16.8433 [+ 63]/-+ .4|/— .6|40 40 4.32|— 3 41.39 |+ 11 O|\— 7 22.97/—4/35.9a 
5 |I 5) R 24.8843 20.0173 |+ 70) +1.4]+1.6 |40 34 19.264 2 3.12)/+ 3/+ 44/4 3 22.88|+-9 
6 23.2580 |22.4567 14 .1)-+1.5 /40 36 2.50/\1 20.15/+ 9/4 21/4 1 22.96|+-8)34.2 
Lf 11.9987# |80.8263 |— 9} +2.7 | +3.2 |40 28 24.91/+ 7 55.60 |41.22/)+ 87/415 22.75|-+8 
8 10.8767# [34.7077 |+ 61) +2.1 | +1.1 40 26 19.64,410 2.17 |+1.18)4 50|+17 23.66|--9 
9 16.2880 |28.3073 |4-163)-+-2.0 | +2.4 40 31 18.85|4 5 4.05|— 1/4 65/4 8 23.62|-+-9/32.9 
II 2 22.6080 (22.2733 |-+ 5] +5.6|-+6.0 |40 386 29.58)— 8.34 |+ 10/41.73) 0 23.07|--7/32.6 
3 31.2757 (14.0193 /+272)-+- .6|+1.5 |40 29 6.06/4+ 7 16.62|— 2/+ 30/414 23.10|-+-8/32.6 
Nov. 5! 130.6520%" 12.9323 |— 23] +8.6 | +5.8 |40 28 52.16/4 7 27.58 |+-1.21/+1.36/+13 22.44|-+-8/32.5 
8 {I 8] D /33.8868'" |10.03847# | 45|-—- .2|-— .6 |40 26 19.64/10 2.59 |4+1.18\— 11/417 23.47/-+9/51.2 
9 28.4560 |16.4230 |+172)-+ .7/— .2|/40 81 18.90/+ 5 437/— 1/4+ 9+ 8 23.43|-+9 
10 18.7070 |24.8777 |— 47 9|-+ .8/40 41 4.61/— 4 42.04/4+ 19/4 19/—12 22.83|-+-7|50.2 
1B ea! 21.6350 |20.7890 |-+- %+1.0/+1.1 /40 36 43.66;— 21.89 /+ 13/4 31|/— 1 22.70|-+-7 
2 19.7827 |20.0520 0} -+ .38|— .5 |40 36 29,78\— 6.80 |+ 10 — 1} 0 23.07|-+-7 
3 12.2793 (29.5590 |-- 93)-- .9/— .4/40 29 6.31/4+ 716.70|— 2/+ 10/414 23.23/+8/48.5 
4 23.2843 |18.9977 |+ 80) —1.2 | —1.5 |40 38 10.68|— 1 48.35 |+ 12)-- 40\— 4 22.01|+8/48.4 
5 12.6310 |80.4600 |/-+163}| — .5 | — .8 |40 28 52.49/+ 7 30.76 |— 4/— 19/+138 23.15|-+-8 
6 31.8583" |11.61104 |+ 38)/— .2|— .4 |40 27 50.48)/+ 8 31.44 |41.19\—  8|+14 23.12|--8 
HK 14,4280 |80.2787i" |— 56) +1.4 | 11.9 |40 29 40.65/-+ 6 40.23 |11.21/4+ 48/112 22.69/+8 
8 28.8917 |18.8883 |-+122) —1.6 | —1.8 |40 42 44.74/— 6 20.54 /+ 15|— 50/—11 23.'74|-18 
Nov. 9 19.8270 |22.1523 |-+- 14;+ .1|— .1/40 37 21.88\— 58.77|+ 138 0O\— 2 23.22|+-7/47.3 
11 {I 6) R 123.7888 |22.8550 |-+ 17|/—2.6|—8.2 40 36 2.23/+ 22.35/+ 9/— 86/4 1 23.82/+-7/38.7 
7 12,9198% |31.8147%" |— 15|—1.2 | — .9 |40 28 24.'71/+ 7 57.28 |+1.22;,— 32/415 23.04|+-8 
9 16.4783 [28.5327 |-+177)—1.5 | 2.7 |40 31 18.78|+ 5 4.96/— 1/— 60/4 8 23.21|-++9 
10 28.9697 |1'7.9283 |+223]—1.2 | 2.4 |40 41 4.59|\— 4 39.61 |+- 19)/— 52/—12 24.53)+-7/37.2 
II 1| 22.7827 (23.6058 |+ 15|/-+ .5.|— .1 |40 36 48.69\—  20.82\/4+ 13/4 ‘7—1 23.06) +4-7/36.8 
2 23.2407 |28.0048 |-+ 5]—2.0 | —3.2 |40 36 29.84/— 5.98 |— 10)— 75) 0 23.21|-+7 
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Peo oe a ae eee ee 


beds iesiect 


hell’ 


Sears 


Tebeh | 


Levels Corrections. 
5 5 A ah a 
1892 | Pair Micrometer Cc F a % (6 + 8) Pe ' 

Novy. Oh 11 

ih Re 383 30.9540 |18.6847 |4+236) — .7 | —2.3 |40 29 6.42/)+ 716.84 /— 2 

4 21.0013 |25.2693 |-+ 79|— .2}— .9 |40 88 10.82/— 1 48.02 |4+ 12 

6 11.1087# |31.3877% 0} —2.3 | —4.2 /40 27 50.67/4 8 32.27 |41.19 

7 31.1637" |15.2303% |— '76) —4.8 | —4.6 |40 29 40.91/+ 6 42.30 |+1.21 

8 14.8967 |29.9960 |+218) +1.3 | +1.6 /40 42 45,03/— 6 21.97 |+ 15 

Nov. 9 25.2543 {22.9807 |+ 53) —2.9 | —3.5 |40 37 22.20I— 57.56/+ 13 

Le FOS 19.0670 |24.0298 |+ 44)/— .8|—1.7 /40 384 18.57|1 2 547/4 8 

6 19.9013 |20.7400 |+ 2}/— .1]/—1.3 |40 86 1.99/+ 2119/4 9 

Hi 30.3000*" /11.4207% |— 5) + .8 | —1.6 |40 28 24.51/+ 7 56.89 |-+1.22 

8 32.6750 | 8.8127 |+ 18) — .8 | —1.6 |40 26 19.28/110 2.83 |+1.18 

9 27.2670 |15.2107 |+ 88)— .6}— .8 |40 8118.61/4 5 4.78/— 1 

10 14.9373 |26.0713 |+ 383)/— .8|}-++ .8|40 41 450|\— 4 4134/4 19 

Geral 20.8150 [19.9937 |+ 3) +1.3|-+2.3 |40 36 438.62,—— 20.75 |/+ 18 

2 20.7863 (20.9990 |+ 0/— .4|—1.6 /40 36 29.'78)— 6.64 |+ 10 

3 12.5447 |29.8180 /+119}+ .6}/+ .4/40 29 6.39)+ 716.51 |— 2 

4 23.2783 |19.0013 |-+ 30)/+ .6|—1.6 |40 38 10.84|— 1 48.12 /+ 12 

5 13.7820 |31.5917 |+282)-+ .9 | —1.2 |40 28 52.69/+ 7 30.60 |— 4 

6 31.845397 }11.5957% 0} —1.6 | —2.4 |40 27 50.'71/+ 8 31.53 |41.19 

a 13.9580% |29. 8283!" |— 44) — .8|— .4|40 29 40.98) 6 40.79 |-+1.21 

8 28.9703 |18.8690 |+127) — .1|— .2 |40 42 45.138|— 6 21.80 /+ 16 

9 19.0237 (21.3750 |+ 5)/— .9|—2.0 |40 87 22.32\— 59.41 |/4 18 

Miss 12.6310 |28.6740 |+ 61/+ .38)-+ .2 |40 48 8.36\— 6 45.43 /+ 16 

4 18.5797 |24.9590 |-+ 67/— .1|—1.4 |40 83 41.'74)/+ 2 41.82/- 2 

5 20.4088 |25.7700 |-+ 97/—2.0]— .5 /40 88 38.96/— 2 15.69 |+ 10 

6 33.8000'" |12.4667# |+ 26] — .9 | — .2 |40 27 22.79/+ 8 58.98 |41.22 

8 28.8277 |12.6300 |-+ 68)-+1.6]-+ .2 |40 43 12.98/— 6 49.35 |-+ 16 

9} |12.5543% |32. 4947" |4 0} + .1|—1.1 /40 27 58.53/-+ 8 23.72 |-11.21 

10 19.6527 |25.6473 |+ 93/-+ .4]— .6 40 33 51.72/+ 2 31.67/+ 3 

11 29.4350 |16.7103 |+230) —1.1 | —1.1 40 31 1.80) 5 22.02/— 0 

ah 12.0283 |33.5973 |+3859| —1.4 |—1.9 /40 27 18.95/+ 9 5.77j/— 5 

VII1 31.3967 |16.6520 |+350| —1.1 | —1.6 |40 30 10.54/+ 6 18.36|— 0 

2 18.6667 {27.3207 +153) — .8/+ .4|/40 40 2.41)— 3 38.99 |4+ 11 

Nov. 3 22.8863 {19.5637 |+ 23) —3.2 | —2.7 |40 35 0.02/+ 1 24.00/+ 4 

1G eile! 23.4243 |17.0313 |-+ 8|—1.5 | —2.3 |40 33 41.76/+' 2 41.51|/+ 2 

5 23.0957 |17.7473 |+ 18) —3.0 | —8.2 |40 88 38.96/— 2 15.13 /+ 10 

4 21.3693 {18.9850 |+ 00/+ .6/— .0 /40 87 23.04,— 1 0.23/4+ 7 

8! 12.3710 |28.5993 |+ 47/+ .6|— .3 /40 43 12.89|— 6 50.05 |+ 16 

9 29,6537" | 9.72384 |4+ 0)/— .7|— .6 |40 27 58.39/4+ 8 23.45 |41.21 

10 23.0177 |16.9767 0} —1.3 | —3.2 /40 33 51.54/-+ 2 32.59 |+ 38 

Wl 15.2477 (27.9583 |+120) — .6|— .9 40 81 1.60/+ 5 21.38|— 0 

12 30.2563 | 8.6877 |— 67) 1/3 |= 0714027 18:70/4= 9) 4.66 |= 5 

VL 11.7043 |26.4950 |— 79) —1.2 | 1.8 |40 30 10.28/+ 6 13.42 /|— 0 

2 24.5820 15.8497 |+ 10/+ 8 0/40 40 2.11/— 3 39.385 |+ 11 

3 17.0093 20.8380 |— 26] — .7 |—1.4 |40 34 59.69/+ 1 24.02 + 4 

5 11.9537 |29.6147 |+ 82] —1.2 | 8.1 /40 28 57.93/+ 7 26.33/— 5 

Nov. '" 15.0390 26.7403 |+ 61) — .2|—1.3 |40 41 19.24,— 4 55.74 /4 12 

se et 8.86374 |32. 747317 |1 19] + .9 | — .4 |40 26 18.95/+10 3.30 +1.18 

9 11.8830 (23.9633 |—148]+ .1|— .8 |40 31 18.82\+ 5 4.75 |— 1 

10 25.4193 (14.2980 |— 11/+ .1|—1.6|40 41 4.35|— 4 40.87 + 19 

Lilet 21.5277 (22.8657 |+ 12 + .2|+1.2 |40 86 438.51\— 21.20|4+ 18 

2 21.5427 /21.2890 0} —1.5 | —1.4 |40 36 29.'70|— 6.41 |+ 10 

3 28.0480 |10.7507 |— 63/— .7 | —2.9 |40 29 6.34 +47 16.%74/— 2 

4 19.5963 |23.8617 -+ 42) —1.8 | — .2 |40 88 10.83|\— 1 47.84 /4+ 12 

5 29.1567 11,8393. -+ 26) —2.1 | — .8 /40 28 52.71/4 7.30.10|— 4 

6 8.10774 |28.3297%" |— 00 + .6}— .2 /40 27 50.80|/+ 8 30.77 |+1.19 


Latitude A | Ther. 
r 
Oy 11 
+14 /40 36 22.97/-+-8/35.6 
—A 22.'73/-+8/35.6 
+14 23.34|+8 
+12 23.13/18 
—l1 23.52|-+-8 
—2 23.80)+-7/34.7 
+ 3 23.74|-+-8/39.7 
+ 1 23.10]-++-7/37.9 
+15 25.62/-++8 
+17 23.12/-++8 
+ 8 23.26/+8/37.7 
—12 23.14|-++-7 
—1 23.50|-++-7 
0 22.97/4-7/37.8 
+14 23.17|+8/37.4 
—4 22.'70}--7 
+13 23.38/+8 
414 22.99/18 
412 22.92\48 
—11 23.34/-+8/37.0 
— 2 22.61|-+7/37.0 
—13 23.03/—3/37.0 
--'6 22,94|—3)37.1 
—4 22.91/—3 
+19 23.00) —3 
—12 23.97/—4|37.0 
+16 23.50|—4 
+4 23.46|—4 
+10 23.59|—4 
+17 24.36|—4/35.4 
+18 23.64) —4 
— 23.46|—4 
AaB 23.20/—5/35.8 
+ 5 22.80|—3/45.3 
— 4 22.97/—3 
— 2 22.96/—4|44.4 
—12 22.94/—4 
+16 23.02|—4 
+ 4 23 57/—4/41.9 
+10 22.88) —4/42.4 
+17 23.17|—442.1 
+13 23, 40|—4. 
— 7 22.85|—5 
ag 23.48|/—5|41.0 
a3 23.74/—5/41.1 
—8 23.34/—5/ 40.4 
417 23.'70|-++8|55.3 
48 23.05|-+8 
—12 23.35] +7/55.3 
par 22.62|1-7155.3 
0 22.96|-'7 
td 22.'71|-1 8153.5 
aid 22,74] 1-7 
138 29,44] 1 8153.5 
4414 22.97/48 


OBSERVATIONS WITH THE ZENITH TELESCOPE. OO0 


Levels Corrections. 
1892 | Pair | P Micrometer (4) | w(8+ 8) Latitude A | Ther. 
A B Micrometer 6 1 r 
Nov. ? , OY Me om @, i 
2s Le: 28.9503" |13.0967% |— 35) — .9 | —1.5 /40 29 41.09/+ 6 40.86 |+1.21/— 35/+12/40 36 22.43/+8 
8 12.4853 (27.5600 |— 1}—2.9 | —1.5 |40 42 45.28\— 6 22.01 |+ 15/— 69|—11 22.62|-+-8 
9 23.2027 (20.8307 |-+ 28/-- .8 0/40 87 22.51,— 59.99 /4+ 13/+ 18/— 2 22.76|+-7/54.4 
VI 7 R /18.9610 (21.2617 |+ 4|—2.2 | —4.9 |40 37 22.87, 58.14|+ ‘7/—1.00/\— 2 23.78|—4|32.0 
8 28.9653 /12.8040 |+ 84|—1.4 | — .4 |40 43 12.66/— 6 48.48 |+ 16|— 29/—12 23.93|—4 
9 10.6513" |80.6013'" | 0] —1.3 | —1.2 |40 27 58.09/+ 8 23.98 |+1.16/— 37/+16 23.02|—4 
Nov. 10 16.8540 |22.8770 |— 5|+1.7|+1.8 |40 33 51.18)+ 2 32.14/+ 3/+ 52/4 4 23.91/—4/32.5 
22 |VI 9) R 10.0157 |29.97201" 0} — .38|— .5 /40 27 58.01\+ 8 24.16 |4+1.12/— 11]/-+16 23.34|—4 
10 16.7713 |22.7907 |— 8!/+ .9)-+ .4 /40 38 50.96/+ 2 32.05 |+ 3/+ 20/4 4 23,28|—4/28.2 
11 26.1470 18.3913 |— 17;/— .8/— .9 40 31 1.06/+ 5 22.20 |— O/— 25/10 23.11|—4/27.7 
12 10.9727 {32.5480 |+225) +1.0|— .8 |40 27 18.051 9 5.50|— 5/+ 18/117 23,80|—4 
VII2 15.2960 {23.9817 |— 21|—2.9 | —1.5 |40 40 1.33/— 8 38.11 |+ 11/— 69\— 7 22.57/98 
3 21.8243 18.4680 |+ 3)/—1.7]/— .9 |40 34 58.84/+ 1 24.80|/+ 4/— 40/+ 3 23.31/—5 
5 29.3600 /11.7087 |-+ 54/— .9|— .4 |40 28 56.92/4- 7 26.04 |— d|— 20/418 22.84] —5 
6 27.7630 {18.6850 |-+ 61/+ .7/-+ .3 |40 42 19.22/— 5 55.81 /|+ 14/+ 16)—10 23.61/—5/26.8 
7 25.9657, [14.2887 |+ 9)-+ .8 0 |40 41 17.99\— 4 355.15 |+ 12/4+ 13/— 8 23.01|—d 
8 19.8770 (21.6607 |+ 9/— .2/-+ .7 |40 37 19.76,— 57.72/+ 6)+ 5/— 2 22.13/—5 
Nov. 10 20.7647 |21.6373 |+ 8!+1.8}-+1.9 |40 86 43.95\— 22.06 /+ 6/4+ 55|— 1 22.49|—5|27.2 
26 |V1I10) D \22.5507 (16.5010 |— 17) —1.3 | —2.4440 83 51.00/+ 2 32.79 |+ 38/— 53/4 4 23.33/—4/24.6 
11 18.6047 26.3847 0) —1.6 /—1.0 |40 81 0.96/+ 5 22.87 |— O0|— 40|+-10 23.53|/—4 
VIl1 11.1828 (25.9957 |—124)+ .38|— .8|40 30 9.38/+ 6 18.93/— O0|— 5/413 23.389|—4/24.5 
2 25.4947 16.8967 |-+ 61/—1.5 |—1.8 |40 40 1.07) — 3 87.88 |4+ 11|/— 48\—7 23.25|—0 
3 17 5880 |20.9727 |— 15|— .8 | —1.4 |40 84 58.53/-+ 1 25.47 4|\— 31\+ 3 23.76/—5 
5 12.5847 (80.2310 |--142] — .8 | —2.2 |40 28 56.50/+ 7 27.48 |— 5|— 42/1138 23.59|—9 
6 13.1140. |27.1880 |-+- 18)/-+ .1|—1.2 |40 42 18.72/— 5 55.60 |+ 12/— 14/—10 23.00|—9/22.3 
7 13.8847 /25.53840 |— 19) — .5 | —1.7 |40 41 17.40\— 4 54.26 |+ 12/— 30\— 8 22.88|—9 
8 20.8523 |18.6750 |— 2] —1.6|—2.9 |40 87 19.10|\— 55.00|+ 6/— 65\— 2 23.49|—5/22.3 
9 12.4800 25.1400 |— 90) —1.4 | —1.5 /40 31 4.17/15 19.61 |+ Q2/— 48/411 23.48|—5 
10 20.1767 |19.3977 0} — .6| —1.2 40 86 48.18 19.68|+ 6/— 25)—1 23.30|/—5|22.3 
VII 1 18.2933 -/21.8187 |— 4)/— .2|— .7 |40 37 39.20, 116.42 |+ 7— 12/— 2 22,71; —5|22.3 
Dec. 2 25.8810 |13.5853 |— 21] —1.2 | —1.3 |40 31 10.68)+ 5:11.85 |+ 3/— 37/+12 22.31|—0|22.2 
1 |IL 3) D (11.7883 |29.1067 |+ 45|—1.7 | —8.4 40 29 5.90/4+ 717.62 /+ 38/— 73/4114 22.96|++7/30.5 
4 22.0540 |17.'7850 |— —1.0 | —1.5 |40 38 10.67/\— 1 47.84 /4+ 11/— 386|— 4 22.54|-+7 
5 12.1303 |29.9367 |+107)— .5 |—1.1 /40 28 52.56/+ 7 30.10 |+ 2/— 22/413 22.59|++8/30.4 
6 31.0253%" |10.8208% — .7|/+ 1/40 27 50.86/+ 8 80.48 |+1.05|— 10/414 22.38}+-8 
* 12,1153% (27.9560 |— 1)/+ .5)-+ .7 |40 29 41.28/+ 6 40.17 |4+1.06/+ 17/12 22.80/-+8 
8 28.2853 |13.0883 |+ 59/+1.7] + .9 |40 42 45.66\— 6 22.92 |+ 11/4 40/—11 23.14|-+8 
9} 20.4403 22.8487 |+ 23/+ .8/+ .7 40 37 23.121 1 0.90/4+ 18/+ 22/— 2 22.55|+-7/30.1 
ne 16.7253 (24.9920 |+ 42) — .2|— .2 |40 39 51.68|\— 3 28.94/+ 8\— 6\— 6 22.70|+-8|29.9 
Q 5.8713! |34.5057" |4+ 10) + .8)+ .4|/40 24 18.18/+12 3.40 /+1.05/+ 10/421 22.94|+-7 
3 25.0677 |14.0140 |— 80)+ .8)+ .1/40 41 1.72\— 4 39.17 |4+ 10\+ 15\— 8 22.72|-+7/29.9 
5 17.5073 |21.4103 |— 14) —2.9 | —2.2 |40 88 2.23;— 1 38.56/+ 8/— ‘78/— 8 22.94|-+-7 
6 26.1617 |12.18938 |— 71) +2.0 | +2.1 |40 42 17.18\— 5 54.06 |+ 17/4+ 61/—14 23.76|-+-6 
Dec. uy 17.6567 (23.5633 |-+ 21)— .4|+41.8 |40 88 52.45 — 2 29.27 /+ 74 16/— 4 28.37|--7/30.1 
2 {II 3) R \80.5257 |18.2408 |+193) +1.1)— .5 |40 29 5.87/+ 717.14/4+ 3/4 12/414 23.80\+7/35.4 
4 18.2100 22.4733 |+ 9) —2.1 | —2.0|40 38 10.64|\— 1 47.72 |+ 11/— 62;\— 4 22.37/-++-7/35.0 
5 29.3710 |11.5490 |-+ 47) — .8 | —1.2 |40 28 52.54/+ 7 30.84 |+ 2/— 29/418 22.74/-++8 
6 10.2647 |30.5017%" 0} + .6 | — .2 |40 27 50.86/+- 8 81.22 |41.01/4+ 7/414 23.30/-++8 
7 27.8563" |11.9827% |4+- 2) —2.2 | —2.5 |40 29 41.28/+ 6 41.00 |+1.02/— 70/112 22.72|-L8 
8 12.5187 |27.6343 |+ 5)/—2.0|—1.7 |40 42 45.67\— 6 21.86! 11;— 56/—11 23.25/-++8 
9 22.8557 |20.0000 |+ 18} —1.6 |—1.8 /40 87 23.16_— 59.55 /-+ 18/— 50/— 2 23.22/4-7/33.7 
10h at 24,4273 |16.1870 |+ 15)— .1|— .2 140 89 51.72/— 8 28.21/+ 8i— 4/— 6 23,49/+-8/33.4 
2 34.6310" | 5.9597% |+ 16) — .9 | —2.1 |40 24 18.23/12 4.83 |+1.01;— 42/+21 23.36|-+7 
4 15.7880 (27.4483 |+113) —1.4|— 3/40 41 18.42/— 4 54.97|1 9/— 28/— 8 23.18|-++7/33.5 
5 22.7487 |18.8283 |+ 19)/— .8/— .2|40 88 2.82\— 1 39.09/+ 8 16/— 3 23.12|-+-7/33.3 


poo THE SAYRE OBSERVATORY. 


Levels Corrections. 
1892 | Pair | P Micrometer Chl ela ea, Pao) - Latitude | A | Ther. 
A B Micrometer r) 1 r 
Dec. ; on eek 9) oe i 
2 Ill 6 13.9450 |27.9417 |-+ '79 0 | —1.0 |40 42 17.26/— 5 53.78 |+ 16— 13/--14 |40 36 23.37)/+-6)33.5 
21.7507 |15.8318 |— 41)— .38 | —1.5 |40 88 52.55|— 2 29.43 |+ i— 24)— 4 22.91|--'7/33.5 
Dec. 8 15.1960 {25.7843 |+ 31) —2.6 | —2.9 |40 40 51.67|— 4 27.56 |4 11j— 82/— 9 23.31|-+6/33.8 
3 Il 3) D 11.4737 [28.7547 |-+ 12)42.8)-+ .2 |40 29 5.84/+ 716.56|/4 3/4 41/414 22.98/+-7/41.5 
6 29,3603 | 9.14434 0} — .6|— .9 |40 27 50.86/+ 8 80.67 |—1.01/— 21|/-+-14 22.47)-+8 
7) 112.0283! 127.8530 |-+ 2] 19.4] 41.6 |40 29 41.29/4 6 39.74 /11.02/4 61/412 22.78|-18 
8 27,4498 |12.2940 |— 12} +1.7}-+ .6 |40 42 45.70|— 6 22.80 |4- 11/+ 386/—11 23 26)/-+8/41.1 
9 18.8677 |21.2647 |+ 1;— .7 | —1.2 |40 87 23.20|\— 1 0.55 |+ 13/— 27|— 2 22.49|+-7/41.1 
LET 17.2477 |25.5123 |-+ 66) —1.0 | —2.3 |/40 39 51.77\— 3 28.94 |4+ 8\— 46/— 6 22.39/18 
2 6.0847 134.7057!" | 21) -+ .6] + .8 |40 24 18.28/12 3.04 |+1.01/4- 20/+-21 22.74|-+-7/40.0 
3 24.5407 |138.4890 |— 63)/— .4|— .4|40 41 1.85/— 4 39.01 |+ 10)— 12/— 8 22.74) —7 
4 26.7798 |15.1087 |-+ 68) —1.4 | —2.0 |40 41 18.50)— 4 55.10 |+ 9/— 50\— 8 22.91/+-7/39.4 
5 17.7960 |21.7308 |— 8)/— .4|/— .7/40 38 2.40\— 1 39.36 |+  8/— 16/— 3 22.93)/+-7 
6 25.9750 11.9223 |— 88) +2.5 | +3.1 |40 42 17.386\— 5 54.75 |+ 17)+ 82/—14 23.46|+-6/38.8 
7 17.7648 28.6893 |-+ 25} — .8|— .8 |40 88 52.66/— 2 29.74 /|4- 7W— 17\— 4 22.78) 4-7/38.3 
8 24.9418 (14.2900 |— 25)+2.1)+1.6 |40 40 51.79,— 4 29.00 |+ 11/4 56/— 9 23.37|-+6 
Dec. 9 13.9487 25.5230 |— 17/-++1.1 | 11.3 |40 81 30.45/+ 4 52.46 /+ 7+ 36/411 23.45) +6 
5 II 10 8.64231 130.1400" |— 6 0 0 140 27 18.538/+ 9 3.03 |+1.0) 0)+15 22.72) +-6|37.8 
8] R )28.8523 [11.6080 j-+ 23) +1.2/+ .8 |40 29 5.77/+ 7 16.69 |4+ 3)/+ 24/414 21.87/+-7/31.5 
5 29.5650 |11.'7680 |-- 69}; —1.0 | — .9 |40 28 52.50\+ 7 29.90 |+ 2/\— 28/413 22.27|+'7/31.2 
6 9.55431 129.7401" 0;+ .3 0 |40 27 50.85/-+ 8 80.80 |41.01/+ 5)/+14 22.85)-+8 
u 27,8108%" }11.9513" |+ 3) —1.3 | —1.8 |40 29 41.30/+ 6 40.64 |4+1.02;— 45/112 22.63/-8 
8 12.8107 |27.9417 |-+ 34)— .8 0 |40 42 45.75|— 6 22.83 |+ 1ij/— 13)—1i 23.29|--8 
9 21.7767 19.4033 |-+ 10) — .5 |} —1.6 |40 87 23.80/— 59.99 |-+ 13\— 29/\— 2 23.18) -+-6/30.6 
Lt 24.6607 {16.3993 |+ 26;— .38|—1.5 |40 39 51.87\— 38 28.77 |+ 8\— 24\— 6 22.88/--8 
2 32.4173" | 3.77074 |— 96) —2.9 | —1.6 |40 24 18.40/4-12 3.45 |+1.01;/— 70/421 22.37/47) . 
3 15.5893 |26.5980 |+ 71|—3.4 | —2.8 |40 41 1.99\— 4 38.29/+ 10\— 94/— 8 22.78|+-7/29.9 
4 14.2750 {25.9713 |+ 9)/— .8 4/40 41 18.67/— 4 55.50 |/+- 9— 18/— 8 23.00|-+-7 
5 22.6020 |18.6673 |+ 16)+ .2|/— .6/40 88 2.60\— 1 39.44\/+ 8— 4|—3 23.17/+7 
6 18.7920 |27.7708 |+ 67| —4.1 | —3.9 |40 42 17.57|\— 5 53.80 |+ 16)/—1.20|)—14 23.09)-++-6 
q 22.5347 |16.6580 |— 15) —1.6 | —4.0 |40 38 52.89|\— 2 28.48 |+ 7J— 79)— 4 23.70)-+-'7/28.95 
8 15.9253 /26.5363 |-- 75) —2.8 | —3.8 |40 40 52.04/— 4 28.25 |+ 11/— 96|/— 9 22.85/-+6 
9 27.2727 15.6840 |/+103) —3.8 | —4.0 40 31 80.71|/+ 4 58.02 |+ 7—1.16)4-11 22.'75/-+-6 
10) (31.8468 | 9.82072 |4+ 5/+ .1|/— .7|40 27 18.80/+ 9 3.80/41.01|\— 7/415 23.69|-+6/29.4 
V1I12) R (10.0173 |31.6677 |+108) —8.2 | —2.4 |40 27 17.22/\4+ 9 7.22/4+ 2|\— 85/417 23.78 —4 
VII 1 27,8333 13.0080 |+ 86) -+-1.3 | —1.3 |40 30 8.70 + 614.75 |+ 4/4+ 5/413 23.67|—4 
2 15.7893 |24.8783 |+ 6/—2.3 |—1.2 40 40 0.29|\— 3 86.87|4+ 8/— 54|— 7 22.89|—5 
3 21.5310 |18.1180 |— 4/—1.6 | —2.0 /40 34 57.65/4 1 26.21 j/+ 5/— 53/4 3 23.41 |—5|25.9 
4| [24.8580 |16.1477 |+ 26/+ .8/+ .6|40 40 3.12I— 3 40.12|4 13/4 12/- 9 23.1615] 2 
5 28.6377 |10.9187 |— 25)—1.5 |+ .4 |40 28 55.89/4 7 27.58 |+  1j)— 20/418 22.91)—5 
6 28.0653 14.0530 /+ 88] — .6|— .9 |40 42 17.47,— 5 54.22 |4 10/— 21/10 23.04/—6]25.8 
uf 25.9453 14.8863 |+ 11) —2.4 | —2.5 |40 41 15.98)— 4 52.04/41 9/— ‘73/— 8] | 23.22|—6 
8 19.2800 |21.4083 |+ 3)/— .8/—1.6 |40 37 17.57,— 58.78/41 GI 384\— 2 23.49|—6/25. 4 
9 27.6157 114.9137 |+ 95)+ .6|+1.4 /40 81 2.59\4 521.14 /+ Gi 28/411 24.18|/—5 
10 20.2823 |20.9737 0} — .8|— .8 40 36 41.44,— 17.46|+ 6)— 24/—1 23.79|—6 
VU 1 21.4160 {18.5030 |— 1|/— .6|—1.8 |40 87 87.382, 113.59|+ 7— 27/— 2 23.51/—6|24.7 
Dec. 2 15.4483 (27.8948 |+123]— .1|/— .8/40 81 8.78/15 14.87/14 7W— 12/412 23.72|—5 
9 VIL1| D |10.5773 |25.4183 |—176} 4+ .8/+ .4/40 30 8.60\+ 614.47 /+ 4/4 10/413 23.34|—4)29.1 
2 23.2840 {14.7170 |— 50/— .1]— .2|40 40 0.15|\— 8 36.30/+ si— 4\— % 23.82|—5 
38 16.0450 19.4757 |— 44)— 3 )— .8/40 84 57.46/+ 1 26.56 /4 5\— 15/4 3 23.95; —5|29.3 
5 14.5120 [82.2280 |+352]/— .8|— .8 140 28 55.09/-+ 7 28.44 + 1)/— 15/418 23.52|—5 
6 14.1758 28.1557 |+ 93] —1.0 |—2.4 |40 42 17.09|\— 5 53.42 + 9/— 48)—10 23.18/—6 
7 18.6737 |25.2077 |— 89] —2.6 | —8.0 |40 41 15.52|— 4 51.28 + <9— 83/— 8 23.42|—6|28.6 
8 22.9847 |20.83837 |-+ 22)|—1.2|—1.7 40 87 17.05\— 5314/4 6i\— 42/2 23.53|—6|27.8 
10 20.6143 /19.93840 0} + .4)-+ .8 40 86 40.79— 17.18/+ 6+ 17-1 23.83|—6) 28.2 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Levels Corrections. 
1892 | Pair | P Micrometer S| Sen GPa Oe oe) Latitude 
A B Micrometer rt) U , 
Dec, on Wie Say Oe 
10 |II 4) D \21.0663 |16.7940 |— 27/+ .8|-+ .5 |40 88 10.24;— 1 47.86 |-+ 11/+ 20\— 4/40 386 22.65/+- 
5 11.8393 |29.6693 |-+ 79) — .3|— .8 |40 28 52.11/+ 7 30.63 |+ 2|— 15)]-+138 22.74} 
6 29.8998" | 9.6520! 0} —2.1 | —1.6 |40 27 50.55)-+ 8 31.50 |+1.01;/— 56/414 22.64 
| 7 12.2753 28.0700" |-— 5] +4.6 | +5.3 |40 29 41.05/-++ 6 39.00 |+1.02/4-1.47/+12 22.66 
8 27.5123 (12.8783 |— 4|— .1|—1.1 /40 42 45.58/— 6 22.31 |+ 11)— 15/—11 23.12 
TEE 16.5427 (24.7857 |-+ 80) —1.5 | —1.2 |40 89 51.86/— 3 28.31 8\— 41/— 6 23.16 
2 8.4803 137.0827" |+141) +1.6|-+ .9 |40 24 18.46/4-12 2.92 |-+1.01;/+ 39/421 22.99 
3 25.6640 /14.5843 |+ 8)/+2.0)+2.0 /40 41 2.11/— 4 39.92 /+ 10/+ 60|— 8 22.81 
4 25.8787 |14.1648 |+ 2)/— .1]/— .6 /40 41 18.86\— 4 55.94|+ 9/— 9/— 8 22.84) 
ThS 17.0000 20.9463 |— 24) —1.4|—1.4 |40 38 2.89\— 1 39.68 |+- 8/— 42/— 3 22.89)+ 
6 26.5843 |12.5360 |— 88/+ .6/-+ .7 |40 42 17.93/— 5 54.80 /+ 17/+ 19/14 23.30 
/ 17.9987 |23.9307 |+ 33] —1.8 | —1.2 |40 38 53.30\— 2 29.94|+ 7i— 46/— 4 22.938 
8 24.1550 |18.4850 |— 74/+ .8)-+ .7 |40 40 52.53)— 4 29.36 |+ 11/4+ 22) 9 23.41 
9 15.0920 |26.6523 |-+ 59 0 | —1.4 |40 31 31.22)/+ 4 52.19/+ 8/— 18/411 23.42 
“ 10 11.4597% |32.9440% |+ 18/+ .6|— .8 /40 27 19.388/+ 9 2.79 |+1.01;— 0/4-15 23.28 
eC. 
11 |VIL4) R /25.8620 |17.2083 |+ 77) —3.3 | —3.0 |40 40 2.81\— 8 38.81 |-+ 13/— 95|— 9 23.09 
5 29.1893 |11.4867 |+ 33) —1.7 | —1.9 /40 28 55.01/+ 7 28.57 /+ 1/— 53/413 23.19 
6 26.9850 |12.9887 0} — .8 | — .9 40 42 16.98|— 5 53.59 |4+ 10\— 25/—10 23.14 
i 26.4728 |14.9190 |-+ 48! — .5 |=—+4.8 |40 41 15.36/— 4 51.99 |+ 9— 381/— 8 23.07 
8 19.2790 21.4050 |+ 6|—2.5 | —2.0 |40 87 16.87\—  53.73|/+ 6/— 85\— 2 22.33 
9 27.8337 |15.0980 |+111)—1.0 | —1.7 |40 31 1.82/41 5 22.02 /4+ 6/— 39)-+11 23.62 
10 20.6600 /21.3293 |+- 3} —1.3 | —1.1 /40 86 40.55,— 16.91/+ 6/— 36/— 1 23.33 
VIII 1 21.5297 |18.64338 |+ 1/— .5|—1.8 |40 87 36.34)— 1 12.92 /4+ 7T— 381\— 2 23.16 
2 15.8047 (27.7870 |-+-115 0)— .6 |40 81 7.74/4+ 5 15.63 |+ Ti— 77-412 23.49 
3 14.9887 |26.9270 |+ 65} —3.0 | —2.0 |40 41 26.87, 5 3.03|/+ 9— 77\— 9 23.07 
4 14.7850 (23.4897 |— 44|— .5 | —1.6 |40 32 45.26/+ 3 38.53 |1+ 3\— 29/4 6 23.59 
5 30,9377%" |10.9443 0) —3.0 | —1.9 40 27 57.94/+ 8 25.10 /-+1.04,— '75/-++16 28.49 
Dec. 6 20.4928 (28.8117 I+ 381/-+ .4|-+ .8 |40 37 34.33) 111.81 |/4+ 8/4 12/— 2 23:20 
12 |IT 5) R [28.9580 |11.1288 j— 4|— .5 | —1.0 /40 28 51.87/+ 7 30.55 |+ 1;/— 21/418 22.35 
6 9.14231 |29.3803i" 0}-+ .9 0 |40 27 50.33/4+ 8 81.26 |+ 97/4 15/+14 22.85 
Ki 28.2790!" |12.4810% |— 9) +1.0 0 40 29 40.85/+ 6 40.83 |+ 98)/+ 17/412 22.45 
8 14.0407 |29.1510 |+142;— .7/-+ .8 /40 42 45.42/— 6 22.08 |+ 11/— ‘711 23.27 
9 21.5198 |19.1470 |+ 4)-+ .1|/— .9 |40 87 23.16,— 59.94\4+ 13/— 10/— 2 23.23 
TE it 23.9220 (15.6830 |— 10 0|— .2 /40 39 51.75\— 3 28.11 |+ 8\— 2/— 6 238 64 
2 82.0733" | 3.48074 |—115| + .8 | — .4 |40 24 18.87/112 38.28 /4+ 97 0|-+21 22.838 
3 15.1587 |26.1910 |+ 45)-+ .4/-+ .2 /40 41- 2.04,— 4 38.94/+ 10/+ 9 8 23.21 
4 14.1767 |25.8763 |-+ 2)/— .2|— .6 |40 41 18.82|\— 4 55.56 |+ 9/— 11/— 8 23.16 
6 15.2990 |29.2927 {+189} — .6|— .8 |40 42 17.96/\— 5 58.98 |+ 16)/— 14/—14 23.86 
7 21.3000 |15.8603 |— 58}/+ .4|— .7 |40 88 53.36/— 2 29.90|+ Wj— 2—4 23.47 
8 15.4403 |26.0660 |-+ 47/—2.9 | —2.3 |40 40 52.61\— 4 28.55 |+ 11/— 72/— 9 28.36 
9 27.6448 (16.1210 |+129}-+ .2|+1.1 |40 81 31.31/+ 4 51.48 )4 7+ 1%)-+11 23.09 
Dec. 10 31.5383" |10.0710% |-+ 6) — .2|— .2 |40 27 19.45),+ 9 2.32/41 97I— 6/415 22.83)-+-6)é 
15 |VIL4| D |15.4810 |24.2010 |— 7) -+1.7}-+41.2 |40 40 2.59/,— 8 40.27 |+ 13/4 44);— 9 22.80 E 
5 12.5778 |30.3193 |+151/-+ .6|— .1 |40 28 54.75\4 7 28.58 |+ 1/+ 8/4138 28.55 
ma 13.8523 |25.4083 |— 26/+ .8|-+ .5 40 41 14.96\— 4 51.87 /|+ 9/4 11/— 8 23.21 
Dec. 
17 VII 4! D 14.2723 |22.9543 |— 71; — .4|— .8 |40 40 2.44/— 3 39.15 |+ 13)— 17/— 9 23.16 
5 11.6707 |29.4813 |-+ 57) —1.2 | —1.1 /40 28 54.58/4 7 28.82 |4+ 1/— 34/13 23.20 
6 12.6280 126.6247 .|— 32] — .1]— .2 |40 42 16.48/,— 5 53.51 /+ 10)— 4/—10 22.938 
7 14.3947 125.9227 |+ 10) —1.0|— .6 |40 41 14.76|— 4 5125|4 9 — 24-8 23.28 
8 21.2660 |19.1790 |+ 4!—1.5!— .7 40 37 16.20— 52.74/4+ 6— 34/— 2 23.16 
9 14.2013 |26.9537 [+ 45/— .1]/— .8 /40 31 1.09/+ 5 22.28/+ 6/— 12/411 23.42 
10 21.4510 (20.7657 |+ 3)/— .2/+ .1 40 86 39.74,-— 17.82)4 6 2—1 22.45 
VIII 1 18.0190 20.8850 |— 9]—1.7]—1.9 /40 37 35.45/— 112.388 |/4+ 7— 53/— 2 22.59 
2 27.1297 |14.6197 |-- 63) —1.1 0140 81 6.80/+ 5 16.20/+ ‘7J— 19/412 23.00)- 
3 26.4030 |14.3970 |-+ 28) +2.0/+ .8 |40 41 25.80\— 5 3.37 |/+ 9/+ 44|— 9 2.87 
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Levels Corrections. 
1892 | Pair | P Micrometer Cc an 2 Y% (6 + 8) Wied oa ‘ ; ‘ Latitude A | Ther. 
Dec. Go Sal lt 
17 VIII 4 24.9103 116.2577 |-+ 29| —1.1|}— .6 /40 832 44.06)/+ 3 38.66 |+  3)/— 26/4 6/40 36 22.55|—7 
5 9.1500! |29. 15377" 0| — .8 | —1.1 |40 27 56 80/+ 8 25.85 |+ 93)— 19/416 23.05|—6/29.3 
6 21.4763 /18.6883 |+ 2) -+2.1)+1.0 |40 37 33.11/— 1 10 44 |-+ 8\+ 49\— 2 23.22|—6 
7 98, 3928I" |12.1887% |— 7] — .8 | — .4 140 29 32.21) 6 49.383 |4+ 92)— 18/-+-12 22.40|—6/30.0 
8 19.4690 120.4453 |+ 1)/—.1]/— .1/40 35 58.58/+ 2466/+ 10/— 3+ 1 23.82/—6/29.5 
Dec. 9 12.6523 |26.6467 |— 29|— .5 |— .3 /40 80 29.64/+ 5 53.46 |+ 5)— 12)/-+-11 23.14/—6/29.4 
18 |VIL8| R 119.2960 (21.8983 |+ 6) —1.1 | —1.4 |40 87 16.08 58.00 |+ 6/— 387|— 2 22.'75|—6|32.0 
9 27.3747 114.6163 |-+ 76) —1.6 | —1.2 /40 31 0.95)+ 5 22.50/+  6/— 43/+11 23.19/—6/81.7 
10 21.4873 22.1270 |+ 8] —1.8 |—2.6 |40 36 39.59\— 1618/4 6/— 64/— 1 22.82|—6 
VUI 1 22,8010 |19.9737 |-+ 26) + .1]— .6 /40 87 35.27,— 111.49/4+ 7T— 6/— 2 23.77/—6 
2 14.5030 127.0053 |+ 55)+ .1)/— .2/40 31 6.62/45 15.97 /+ 7W— 1/412 22.77/—6/31.84 
3 14.8567 {26.8200 60; — .2/-+ .6 /40 41 25.60),— 5 287\/4 94+ 4/9 23.27|—7 a 
4 16.1890 |24.8667 |-+ 28 0|— .2 |40 82 48.84/+ 3 39.29 |+ 38/— 2/4 6 23.20|—7 
5 30.6800" |10.63038% 0|— .8|-+ .1 [40 27 56.58/4+ 8 25.24 |+ 89\— 12/416 22.75|—6/82.4 
6 17.5950 |20.8653 |— 17 .6|-+ .1/40 37 382.88\— 1 9.94/+ 8\— S§8/— 2 22.92/—6 
a 12.0950 /28.3330'" |— 4]/— .8 | —2.1 |40 29 31.96/+ 6 50.20 |+ 88/— 32)-+12 22.84/—7|32.0 
Dec. 8 22.5363 21.5700 |+ 11)/—1.5 |— .1 |40 35 58.39/+ 24.44/+ 1i/— 27/41 22.68/—6|32.0 
20 HII 8] D [28.0407 |12.9657 |-+ 44/-+ .4|— .4|40 42 44.94|— 6 20.96 |4 11/4 2/—11 24.00)-+-6)26.5 
9 21.4807 |23.7820 |-+ 87; —1.2 | 2.1 |40 37 22.92\— 59.50|1+ 13/— 47|/— 2 23.06|+6 
III 1 17.2663 |25.5073 |-+ 67/—1.2 |—1.9 |40 39 51.46\— 8 28.36 /+ 8i— 45/— 6 22.67/-+7 
2 8.5023 |3'7.12071¥ |4-142] —1.0 | —1.8 |40 24 18.17/112 3.36|+ 86\— 40)-+21 22.20)/-+-7/25.9 
3 26.1667 {15.1103 |-+ 42} + .2|/— .2/40 41 1.94/— 4 39.43 + 10)+ 1\— 8 22.54|-+7 
4 26.6857 |14.9420 |+ 52) — .6 | —1.0 |40 41 18.81/— 4 55.55 |+ 9/— 23/— 8 23.04)-+-7/25.6 
5 17.7520 [21.7480 |— 7+ .7|-+ .1 /40 88 38.03;— 1 40.80/+ 8+ 18/— 8 22.41/+6)24.8 
6 26.9618 |12.8680 |— %|— .4|—1.2 |40 42 18.18)}— 5 56.02 |+ 17\— 22/—14 21.97|+-6 
{i 17.6463 /23.5840 |+ 21) —2.7 | —2.0 |40 38 53.65|— 2 30.06|+ 8/— ‘72/— 4 22.90|-+-'7/24.1 
8 25.1803 {14.5153 |— 11) —1.4 | —2.5 /40 40 53,02;— 4 29.41 |4 11/— 56/— 9 23.07|-+6 
9 14.7708 /26.3080 |-+ 88)— .6 | —1.3 /40 31 31.77/4+ 4 61.57 |4+ ‘7j— 27|-+11 23.25|-+6 
Dec. 10 8.31234 |29. 7987" |— 8) —2.2 | —2.6 |40 27 19.94/+ 9 2.80 /4+ 86)— 71|+15 23.04|)+6/23.2 
22 |VIL9) D [12.6607 (25.4550 |— 72) — .8 | —1.2 |40 31 0.52/45 23.06 /+ 6— 29/411 23.46 —6)20.50 
Dec. 10 20.1823 |19,5553 0; —1.2 | —2.6 |40 86 89.10\— 15.84/+ 6\— 54/— 1 22.77|—6 
2: IIT 1] R |24.8543 |16.1180 |+ 12)+ .8]— .2 |40 39 51.26\— 3 28.23/+ 8\+ 2/—6 23.07|-+-7|24.0 
2 34.0690" | 5.44634 |— 12) +1.6 | +1.4 |40 24 18.02/4+-12 3.08 /+ 86/+ 45/+21 22.62/46 
3 15.1277 |26.1287 |4 40) —3.1 | —2.0 |40 41 1.83/— 4 38.02 |+ 10\— 79/— 8 23.04|-+6 
4 14.3437 /26.0487 |+ 10/+ .5/-+ .2 /40 41 18.75)— 4 55.74/4 9/4 11; 8 23.18|-+-7|23.7 
5 23.8008 |19.3613 |-+ 31) —2.0 | —1.9 |40 38 3.04,— 1 39.60|+ 8|— d8/— 8 22.91|+-6 
6 13.6520 |27.6883 /+ 56|/— .1|— .6 |40 42 18.30\— 5 54.74 /4+- 17/\— 9/14 23.50/16 
u 22.8130 |16.8650 |— 6)/— .9 | —2.5 |40 38 53.74|— 2 80.25 |4 T— 48/—- 4 23.04/+ 728.5 
Dec. 8 15.2200 /25.8947 |+ 34 0|}— .5 |40 40 53.18\— 4 29.77 |4+ 11)— 6/—9 23.37|-16 
25 =| VII 1) D /21.2620 |24.06638 |-+ 42) —1.4 | —1.5 |40 37 34.47/— 1 10.96 |+ 6/— 438/— 2 23,12/—7\14.8 
2 26.5417 |18.9587 |-+ 19} —2.0 | —1.9 |40 81 5.69/+ 5 17.96 |+ 11/— 58/+12 23.30|—6 b 
4 24,7530 |15.9897 |-+ 21) —3.7 | —2.4 |40 82 42.61/+ 3 41.46|/+ 6/— 94/+ 6 23.25/—7|14.8 
5 10.2310! |30.2740'" 0} — .1|—1.8 |40 27 55.37/-+ 8 26.39 |+ 96/— 18/416 22.70|—7 
q 28.0273 |11.75374 [4+ 2} — .5 | +2.1 |40 29 30.55/-+ 6 51.16 |4 93/4+ 18/+12 22.94|—7 
9 11.9110 [25.9987 |-- 88)/-+ .6]-+ .1 |40 30 27.89/+ 5 55.58 /+ 9/4 11/411 23.78|—7| 14.0 
10 37.6187 |10.2210% |4-171] — .5 | —1.5 |40 47 57.382/\—11 32.64 |— 80/— 28/—23 23.37/—6 
Dec. 11 13.7823 [28.8560 |+115)-+- .8;-+1.7 |40 42 45.12; 6 22.89 |+ 5/+ 27/—12 22.92|—7\14.4 
26 {TIT 2) D | 2.9480# |31.6717'" |—138] —2.3 | —1.8 |40 24 17.74/112 5.85 /|+ 95/— 62/421 23.63|)-++6)17.3 
3) [24.6590 |18.5988 |— 56/-+2.3}+2.0 40 41 1.59/— 4 39.43 |/4 614+ 65\— 8 22.79|+6 
4 25.0827 138.3457 |— 57/—1.4|— .2 40 41 18.54, 4 55.18 '+ 5/— 26/— 8 23.12)+-7/16.6 
5 18.6900 [22.6447 |+ 16/—1.1|— .8 |40 88 2.91/— 1 89.95|+ ‘7— -29\— 8 22.71/+6)16.5 
6 26.2063 [12.1443 |— 71)/41.1}+ .2|40 42 18.23\— 5 55.09 |+ 12/4 21/—14 23.33/4-5 
ui 18.0340 (24.0307 |4 85/+ .8|-+2.4 |40 88 58.68|— 2 31.59 |+ 5 + 44/— 4 22.54/+-6|16.2 
8 25.2023 [14.5423 |— 9 — .4}— .6 40 40 53.18\— 4 29.31/4 7— 14/- 9 23.71|+-6|16.0 
9 13.3763 [24.8787 |— 59) +1.4|-+ .9 |40 31 81.97/4 4 50.46 |+ 11/+ 35 +11 23.00)-+-5 
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Levels Corrections 


1892 .| Pair | P Micrometer G (6 + 8) Latitude A | Ther. 
A B Micrometer 6 1 r 
Dec. : ; Of WW Oud 11 
26 TII10| D | 9.0527# |80.5107" |4- 1) —1.2 | — .2 [40 27 20.15)+ 9 2.14 |)+ 93/— 23/415 |40 36 238.14|-4-6)16.2 
HAY fh 20.8203 |18.0490 |— 9)-+ .8/-++ .2 |40 35 12.74/+ 1 9.99|4+ 8+ +4 2 22.90|+-5|15.6 
2 15.8827 (26.8157 |-+ '74/— .2|-+ .8 /40 41 11.91/— 4 49.04 /+ 5+ 7— 8 22.91|+6/14.5 
3 28.8280 | 8.7093 |—172)+1.0]-+ .3 [40 44 87.47;,— 8 15.23 /+ 7+ 21\/—17 22.35|-+5 
4 28.1710 | 9.5270 |—127)/-+ .4/+ .2 |40 44 14.11) 7 50.90/+ 4+ 9/—14 23.20|-++5 
5 16.9187 |20.9623 |— 26/+1.5|-- .9 /40 34 40.38/+ 1 42.09 /+ 5/+ 37 B} 22.92|/+-5)/15.0 
8 14.0260 |26.6080 |+ 23)-+ .7|+1.7 |40 41 389.85|— 5 17.82 /4+ ‘7+ 34/—11 22.33/+-4/15.0 
9 25.4020 12.6153 |— 77} 11.7 | +1.5 |40 30 59.46/+ 5 22.86 |4+ 8+ 48/+10 22.98|-+-4 
Dec. 10 27.9008" | 6.5590 |— 21/— .8}-+ .2 |40 27 22.06/+ 8 59.13 |4+ 95|\— 11/417 92.20)-+-3/14.4 
27 ~|III 1| R [23.1600 [14.9160 |— 47) +1.9 | +1.7 |40 39 50.83)— 38 28.17 5 54 6 23.19|-+-6/23.0 
2 34.1957" | 5.54738% |— 7 +1.8|-+ .8 |40 24 17.65/112 3.76 95 41)+-21 22.98)-1-6/22.5 
3 15.3637 26.4067 |+- 58) -+8.3 | -+2.7 |40 41 1.51/— 4 39.14/4+ 6/4 91/— 8 23.26|-+-6 
4 13.8063 25.5087 |— 24/—1.4|— .5 |/40 41 18.46|— 4 55.46 /+ 5/— 30\— 8 22.67|-L6 a 
5 22.4617. |18.5887 |-- 12)— .6/— .8/40 88 2.86\— 1 39.14)+ 7— 14/— 3 23.62/-+6/21.6a 
6 15.3773 |29.41538 |1198}+1.4|-+ .9 40 42 18.20|— 5 55.16 12 35|—14 23.37\-L5 
7 22.1197 |16.1687 |— 32)/— .6 | —1.5 /40 88 53.65|— 2 30.27 |+ 5\— 29)— 4 23.10|+-6)21.2 
8 15.5407 (26.2110 |-+- 55) .4|-+ .2 |40 40 53.16|— 4 29.72 /+- 7+ 9/— 9 23.51/-+6/21.0 
10 31.9743%" 10 5440% |+ 10) — .5 | -+1.0 /40 27 20.15|+ 9 1.44 93)+ 4)4+15 22.'71|-+-6)/20.6 
LEV 20.1190 |22.90387 |+ 27)/— .7|— .5 /40 35 12.76/+ 110.42 /+ 8\— 18/+ 2 23.10)-+5 
2 26.7907 |15.8800 |-- 74/-+ .5|/— .8 |40 41 11.92/— 4 48.47 5 4\— 8 23.46] -+6)20.3 
3 12.2497% /31.'79538'y |— 5) + .4 | +1.6 40 44 37.51/— 8 138.79 |— 79/4 27/17 23.03)/--5 
4 12.5717 |31.1833% |— 1'7)-++ .8|+1.3 |40 44 14.15);— 7 50.16 |— 82/4 30/—14 23.33|--5/19.9 
5 22.7950 |18.7237 |-- 19} —1.6 | — .8 |40 34 40.48/+ 1 42.91 |+ 6/— 31/4 8 93.11}-+5]19.4 
VIII 1| R /22.7617 19.9908 | 25) —2.8 | —2.3 |40 37 34.28\— 1 10.08 /|+ 6/— 68\— 2 23.56|—7|15.5 
2 13.9673 |26.5440 |+ 19}—1.7|— .5 |40 31 5.50/+- 5 17.80 |+ 11/— 35/+12 23.18/—6 
3 14.0667 (25.9720 |— 0/—1.5|-+ .5 140 41 24.32, 5 0.77 |/4+ 5\— 19\— 9 23.32|—7 a 
4 16.1380 (24.8660 |-+ 26/+ .4|— .2 140 32 42.84/+ 8 40.58 |+ 6/4 4/+ 6 23.08|—7 
5 31.4387" |11.38777% |— 0) -+ .8/+ .6 |40 27 35.10/4+ 8 26.72 |-+ 96 21/16 23.15|—7 
6 19.9743 (22.7113 |+- 24+ .1|-+ :5 /40 87 31.291 9.21|/+ V+ 8i— 2 22.21|—7 
i 14,1240% |30.4230" |— 49) 41.3 | — .6 |40 29 30.23|-- 6 51.67 |4+- 93/4 14/412 23.09|—7 
8 23.5360 |22.5827 |+ 19)+ .8 | +2.5 |40 35 56.69 + 25.40/+ 10/+ 46/4 1 22, 66/—6/16.2 
9 28.7710 14.7037 |--145) —2.5-| — .4 |40 30 27.56/+ 5 55.77 |+  9/— 47 +11 23.06)—7/15.9 
10 5.83817 |33,2423% |— 21|—1.3|-+ .8 |40 47 56.97/11 82.48 |— 80/— 18/23 23.28|—7/15.4 
lil 29.4720 |14.4183 |+172] —2.0 | —8.3 |40 42 44.73)— 6 20.77 |4+ 4|/— 76|—12 23.12|—7 
Texan: 28.6237 {12.6810 |+ 61) — .5 |—1.0 |40 29 39.92/+ 6 42.94|+ 8i— 21|+13 22.86/—7/14.3 
Dec. 
28 IIT 1| D |16.1483 |24.8770 |+ 14)/-+ .8)+ 5 |40 39 50.73)— 8 27.938 |+ 514+ 11/— 6 22,.90)-16/22.4b 
2 2.9940 131.6793" |—136] —1.0.| — .1 40 24 17.56/+-12 4.388 |4+ 95|— 18)+21 22.92|+-6 
3 25.2567 (14.2150 |— 18)/+1.7/+ .3 /40 41 1.41/— 4 38.91/+ 64+ 33—8 22.81|-+-6/20.9 
5 18.6593 (22.6120 |-+ 16)— .2|— .2 |40 88 2.82/— 1 39.90|+ T— 6/— 38 22.90/-++-6 
6 25.4430 |11.3667 |—133/-+ .5|— .1 40 42 18.17/— 5 55.30 + 12/4 %J-—14 22.92)+-5/20.2 
fi 18.2230 |24.1590 |-+ 41|—2.9 | —1.3 /40 88 53.62/— 2 30.08 |+ 6/— 66\— 4 22.90/-+-6/19.6 
8 25.8018 |14.6087 | — 4/-+ .8|-+ .8 |40 40 53.16|— 4 30.18 |+ T+ 24\— 9 23.25/-+6 
9 14.2467 |25.7783 0| — .8 | —1.4 |40 81 31.98/+ 4 51.34 /4+ 11/— 31/411 23.23/15 
10 8.8283 130.2893!" |— 3/— .9 | —1.9 [40 27 2015/4 9 2.01 |+ 93/— 40/415 22.84/+-6 
1 sal 21.8627 [19.0807 |+ 7/— .2|— .2 |40 35 12.78/-+ 1 10.30 |-++ S 6)-+ 2 23.12)+-5/18.8 
2 15.0583 |26.5040 |+ 51)—1.2}-+ .8 40 41 11.95)}— 449.29 |+ 5  10/— 8 22.53/-+6/18.3 
3 30.8813%" |10.8533% 0|— .8|— .1 /40 44 37.53\— 8 13.86 |— ‘79\— 15|—17 23.06|}--5 
4 29.8737" 110.7757 |— 1) -+ .1]— .7 |40 44 14.19)— 7 49.87 |— 82\— 7-14 23.29/-+-5/1'7.9 
5 19.3473 [23.4040 |-+ 32)— .1|]— .2 |40 34 40.48)+ 14257/+ S5I— 44 3 23.09|-+-5)17.5 
6 16.3940 [28.6553 |+ 1)/— .6 | —2.2 |40 39 27.00|— 8 3.45 /+ 4\— 388i\— 5 23.16/15 
7 6.3193 131.6793" |— 32} +1.2!-+ .8 |40 25 39.97/4+10 40.63 |-+ 98/+ 381/424 22.13/--4 
8 12.9567 125.5887 |— 56) +1.9|+8.8 |40 41 39.99|\— 5 17.74 + +t 8gi1j—i1 23.02|--4 
9) 25.8493 |13.0393 |— 45/-- .2/-+ .2 |40 30 59.60/+ 5 23.52 |+- si--  6)+10 23.36|+4/16.7 
VIII 3} D |26.8190 [14.9313 |-++ 61) —2.5 | —3.6 |40 41 24.19/— 5 0.49 |-+ 5\— 89/— 9 22.7'7|—7/18.0 
4 25.4100 |16.6520 |-+- 52)—1.7 | —1.1 |40 82 42,18|4- 3 41.41 |4+ 6/— 43/-+ 6 23.28|—7/11.9 


THE SAYRE OBSERVATORY. 


Levels Corrections 
892 in ier 1 y Latitude Ther. 
189. Puir | P Micrometer C . 2 4% (6+4+ 8) Pe. . : i A 
Dee. Ones “ Ons ‘1 
28 | VII 5] D |10.1300# |30.2218"| 0) — .7|— .9 |40 27 34.96/+ 8 27.62 |+ 96/— 23/416 140 86 23.47\—7/10.9 
6| 21.6720 /18.9803 |4+ 6|—1.3|—2.4 |40 37 31.139, 1 8.03|4 — b5al— 2 22,.62|—7 
7| (28.3017 [11.98407 |— 3) —2.9 | 1.9 |40 29 30.07/+ 6 52.27 |4+ 93i— 74/412 22.65|—7]. 
9] |11.1950 (25.2358 |—153) — .7 |—2.3 |40 30 27.994 5 56.13 |+ 9/— 42/411 23.30|—7]11.8 
10) 29.8470!” | 1.970% |—199| — .6 | — .8 |40 47 56.7911 38.06 |— 80/— 20/23 22.50|—7/11.8 
1893 | 11! [18.9488 [29.0288 |+132]—1.6 |— .5 |40 42 44.52| 6 21.84/4 4|— 34/12 22.'76|—7 
Jan. |[IX 1} |11.8000 27.7660 |— 20|—1.5 |—2.4 |40 29 89.71/-4+ 6 43.35 |+ 8l— 56/113 22.'71\—7|10.6 
8 | VIII 8] R [15.0147 [26.8593 |+ 62/—1.6 |—1.8 |40 41 98.33|-— 459.41 /|4 5I— 50\— 9 93.38|—7|15.7 
4) |16 3560 |25.1347 |-+ 37|—2.2 |—1.8 |40 32 41.19/+ 341.89/4 7— 60/+ 6 22.61|—7 
5| [82.6240 112.5067 0} — .2|— .6 40 27 53.97/+ 8 28.26 |4+ 96\— 11/+16 23.94|—7 
6| 19.9928 [22.6827 |4+ 23}—2.0|— .8 |40 37 30.061 6.76/4+ — 44-2 22.91|—7 
i} |11.67404 [28.0240 |+ 3] — .8|—1.1 |40 29 28.93/4+ 6 53.09 |-+ 93\— 27/112 22. 80|—7|17.0 
8} [21.9140 |20.8097 |-+ 8]—8.7|—2.1|40 35 55.401 27.92/4 to|\— 90/4 1 22.53 |— 
9} 27.8340 [13.7160 |+ 63]— .9|/— .2/40 30 26.18/+ 5 56.85 |4+ 9|— 18/411 23.05|—7|1'7.0 
10} | 9.7310# |37.0770% |4+-147/— .1]+ .2 140 47 55.50\—11 31.96 |— s80/+ 1/23 23.22|—7 
11} [29.2708 14.2627 |4156)— .2;/— 8 |40 42 48.12/,— 6 19.56/4 4|— 14/11 23.35|—8 
Jan. [IX 1]  |28.2080 |12.93833 | 20) — .2 0 |40 29 38.30/+ 6 48.52|+ 8\— 3/418 22.00|—7/16.6 
7 |VII 4) D [25.4233 [16.6127 |+ 51/—1.2 |—2.6 |40 32 40.81/+ 3 42.73 /4+ 7K 54l4 6 23.13|—7/16.4 
6| (19.5947 |16.9727 |— 25|—1.4 | 2.0 |40 37 29.68, 1 618|+ 7— B5ol— 2 23.00|—7|16.0 
7| 28.8687" 112.0088" |— 4]  0]}— .2 |40 29 28.38i4 6 58.21 |-+ 93|— are 22.62|—8|16.5 
8} |19.4647 20.5967 0} — .8|—2.0 /40 35 54.91/+  28.60/+ 10/\— 4oj/+ 1 23.22|—7 
Jan. | 11) [18.9393 |28.9560 |+125)4 .6|— .8 /40 42 4949, 619.71|+ 4/4 6|—11 22.70|—8 16.0 
13 III 6] R |15.2510 |29.2470 |4+185]— .4 |—1.4 |40 42 17.65|— 5 54.08 |-+ 11/— e5\—10 23.33|/1-4/14.0 
7| [22.9967 |17.0877 |+ 1/—2.2|—3.5 |40 38 52.98I— 2 29.99 |+ 6 sal 4 22.89)-15/13.4 
8} |16.2240 [26.8410 |+ 96)— .9 |—1.8 |40 40 52.90\— 4 28.48 |+ v7I— 3gi— 8 24.03|+5|13.2 
10} 81.9907 |10.5863" |4+ 12) — .6 | —1.5,/40 27 20.01/+ 9 2.09/+ 94/— 30/415 22.89|-+5 
IV 1} 19.7897 |22.6060 |+ 20] —2.9 | 2.41/40 385 13.02/+ 111.21/4 si— sol+ 2]- 23.53|+5|12.9 
2| (25.4753 [14.0427 |— 16/—1.0| 2.7 |40 41 12.31\— 4 48.81 + 5i— 5el— 8 22..95|-+5 
8} |10,8807# |80.46338| 0/— .2/+ .2/40 44 38,09\— 8 14.77/— yWI— 1/17 22,35|-15)13.0 
4| 10.3977 |29.0047" | 1)+ .8|+ .9 |40 44 14.89|— 7 50.11 |-1.10|-+ 25|14 23.'79|+.5|12.8 
5} 28.0990 [27.1157 |+120)+ .8/+1.1 /40 84 41.35/4+ 1 41.78 |4+ sit i9|4 8 23.40|-+-5 
6} [28.3407 [15.9843 |— 18) 42.7|-++1.5 |40 39 27.99, 3 5.88/+ 5+ 65\— 5 22.81|-+5|13.0 
8} 28.3770 |15.8753 |4+159| 3.5 | 3.9 |40 41 41.23|— 5 1626/4  7I—1.01\-11 23.9244 
9} |14.4763 |27.2668 |+ 68) 3.2 |—8.9 |40 31 0.95/+ 5 23.31|4+ 8/—1.05/+10 23.39|+4 
: 10} |10.0417# |31.3917" |4+ 5/— .5 | — .9 |40 27 23.63/-4+ 8 59.44 4+ 95|— 20/417 23.99|-+4/18.0 
Jan. 
16 {III 7% D |18.1587 |24.0760 |4 40|— .2|-+ .5 |40 38 52.84\— 2 29.61/4 6+ al 4 23.28)-+-5/10.6 
9} 16.1487 27.6910 |+132} 2.2 | 8.5 |40 31 81.88/44 4 51.96 |+ 1i|— 82/4 8 23.21|+5|10.0 
10) | 9.57238 |31.0877'"|4 1/4 .2|— -3 |40 27 19.9514 9 235/14 94 O|-415 23.39/45 
TV 1)  |21.0643 |18.3043 — 5) +1.3|+2.8 40 35 13.05/41 9.72/4+ 9/4 58/4 2 23.46) -+-5)10.0 
2| |15.2880 [26.7350 [+ 67] + .4 o /40 41 12.35/— 4 49.39/+ 5/4 WE 8 23.00|--5 
3) (29.5980 10.0457 0] —1.1 | —2.0 |40 44 38.19|— 8 13.89 |— 9l\— 45\—17 22.89/15 
4) |29.4220¥” |10.7980% |— 1) 4+ 6 |—1.4 |40 44 15.00\— 7 50.55 |— 982i s|_14 23.41|-+5|10.0 
5} (25.5547 [21.5713 |4+ 84)— .8|+ .8 |40 84 41.4914 1 4086/4 5/4 5/4 3 22.48/15 
7 | 4.99104 |30.3413%” |— 73] + 4 | +1.6 /40 25 41.24|410 40.39 98i+ 27/424 23.05|-+4 
8} 15.0403 27.5948 [+ 99/--3.9|—1.3 |40 41 41.46/— 5 17.44/14 ‘7I-— ssi—ti 23.15/14 
9) 25.8587 18.1820 |— 39)+2.38/+41.3 140 31 1.20/4+ 5 921.38 si+ 56/10 23.2'7|+-4 
Jan. : i ‘ 
i7 10) {29.9500 | 8.6447 |— 6] —1.9|— .8 |40 27 03/89{4. 8 58.29 - asl. 24 ti 23.06|+-4| 9.4 
Tt 7 R [22.8370 [16.8870 |— 5|+2.6 | +1.8 |40 38 52.78|— 2 30.33/+ 5+ 67\— 4 23.14|+5]13.5 
8/ [16.2907 |26.9267 |+-100|— .6|— .9 |40 40 52.81|— 4 2897/4 7— 2i\—8 23.62|-+-5|13.2 
9} 26.1460 /14.6260 [+ 26/4 9) 4 .7 [40 81 31.8714 4 51.13 /4+ 11/4 244 8 23.435 
10} 82.2473 10.7777" |4 12} 2.8 | 3.1 40 27 19.9414 9 9.48/4 o4l— Britis 22.64]+5 
IV 1) 19.5190 [22.2858 [4 14) 0/4 4/40 35 13.06/11 9.93 t 8|-++- at 2 23.14|-+5|12.4 
2 (26.8800 |15.8927 |-+ 75|—1.6 }-+ .8 |40 41 12.36\— 4 49.16 |+ 5/+ 38\— 8 23.55|-5 
3] /10.8207% (30.8638) 0) —2.5 | 1.3 |40 44 88.23\— 8 13.76 |— 89|—- 60\—17 22.81/15 
4/ 11.7580" |30.4087"|— 9) — 1] +4 .8 |40 44 15,05|— 7 51.82 /— s2i+ 9|—14 22.86) +5/11.9 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 
1893 | Pair | P Micrometer % (8 + 8) Latitude A | Ther. 
Micrometer 
Jan. Oo / W a “ 
17 |TV 5) D [21.7570 [17.7357 £1} —..2 140 34) 41.55)- 1 41.58 |+- 40 36 23.00)+-5/11.7 
6| R [23.6953 /16.3467 +4.9|}+4.4 |40 39 28.22|-- 3 5.66 |-+ 23.96|+-5|11.6 
8} 28.7980 |16.2180 3} 4/+ .7 |40 41 41.55\— 5 18.44 [+ 23.23|1-4/11.4 
9} |15.1907 (27.9213 HI} 4 |= 14,140 1381 01,30) 5 21.95 |b 23.67|+4)11.3 
< 10} |10.8440# 31.6487%" + .2|— .6 |40 27 24.00/+ 8 58.80 |-+ 23.38/14 
an. 
19 VII 6| R 20.3207 [22.9077 1.3 |/—2.0./40 87 28.61 1 5.42 22.'76|—7|15.8 
7 (18.0997 |29.5257%" — .9 | —2.0 |40 29 27.28/+ 6 54.94 |+ 22.86|—8 15.6 
8} [23.8653 |22.'7310 42.8 |) 4140 85 58.71/44 98.79 |. 22.'72|—7/15.4 
10 4.5483! |31.8480'" — .7|— .4|40 47 53.38\—11 29.53 |— 22.65|—7|15.2 
11| 80.1233 /15.2220 PP 19 140 42°40. 73'— 617,08 23.35|—8 
IX 1] [29.6023 18.4767 1.27} =-1.0' 140° 29-35.75/- 6 47-79 5 8 23.42|—8] 15.2 
2} |25.8593 |18.0570 +2.6|+2.3 /40 39 27.04, 3 4.68/41 5 93.10|—8 
3/ 16.9310 22.9163 225251) => 16 140 38 54:80/— 931.01 | 5 22.94/—8]15.2 
4|  |20.8867 {22.0330 +e .6 | +-1.3 (40 35 4077/4 41.68 (4+ 6 22.'75|—8|15.3 
5| {20.4990 |23.3693 Bt Wh) 40 8 7255.40=.1-19.61 1 F 22.61|—8)15.4 
Jan. 6| [22.1063 |21.0553 = 779 |—1.8:/40 86 49.70, 26.58) 9 22,82|—7/15.5 
20 VII 9) D |12.5550 (26.7510 -- 7) .6 140 80 24.21/-+ 5 58.59 + 9 23.19|—7|13.6 
10| 31.7257" | 4.43431 2666) =" 3 140 47 68.81\—11 29:81'/— 80 23.03|—7 
11} 13.8713 |28.2967 — .§|—-£140- 42 40.68\— 617.28/+ 4 23.10|-—8)14.5 
IX 1} {11.7923 [27.9093 —3.6 | 2.5 140 29 35.64/+ 6 47.16 /+ 8 22.07/—8| 14.9 
2) |17.0890 |24.3517 |+ 32)/—2.4|—2.5 140 39 26.90\— 3 3.57/+ 5\— 22.60/—8 
8} _|21.7688 |15.7853 |— 42/+ .1/— .8 |40 38 54.14/— 2 31.05 |+ 5\— 23.01|—8|15.0 
5} 21.1623 |18.2900 |— 5|/— .8|—- .8 |40 37 35.93, 1 12.56|+ 7— 22.48|—8 
Jan, 6| {18.1853 |19.2207 |— 0)/-+ .8 140 36 49.51|\— 27.41\+ 9/+ 22,28|—714.4 
21 |TV 1] D (21.2958 {18.5160 |— 0|-+ .3/40 35 12.96/-+ 1 10.21 |+ 9/+ 23.32|/-+5/21.0 
2| 14.2420 25.7097 0|+ .6|40 41 12.29\— 4 49.72 |+ + 22.57|+5/20.0 
3] | 28.6263'" | 9.0660% 0|— .4 |40 44 38.23;,— 8 14.19 |— 85)— 22.97|-+5 
A} |29.'712°7*¥ |11.0670% 0 | —1.2 |40 44 15.09\— 7 51.07 |— + 838\— 22.85/15 
5| R |20.6860 /24.6810 64 — .6 | 1.1 |40 34 41.67/+ 1 41.09|+ 6 — 22.61)/-+5/20.0 
6| D |16.7987 24.1420 20] — .8 | —2.2 |40 39 28.37/— 3 5.58 |+ —~ 22.35|-+5 
iy 6.45334 |31.7653%" +1.0 | +1.4 |40 25 41.53/-+10 39.43 |--1.07/+ 22.62|-4 
8| [14.2380 |26.8383 —2.8 | —1.0 |40 41 41.82— 5 18.43 /+ — 22.71/-+4 
9| |25.6670 |12.9473 —2.0 | --2.8 40 31 1.60/+ 5 21.22 |4+ 12)— 22. 34/-+-4)19.5 
10} (81.'74408 |10.441°7i1 —1.6 | —2.3 |40 27 24.34/+ 8 58.22 |+1.02/— 23.18|-+-4)17.1 
V 1| (13.1577 128.9080 —1.0 | —2.2 |40 29 44.81/+ 6 38.17 j|+ — 22.77 |-+4/17.0 
2| 22.8887 |18.5837 — .2/— .5 /40 38 24.16\— 2 1.42 |+ 22.64|-+-3 
3} —|81.6363'" | 8,2097% —1.1 | —1.1 |40 26 30.10/+ 9 51.86 |+1.09|— 22.96|-+3 
4| —|2'7.5303 |12.8060 0 0 |40 42 35.00\— 6 12.04 |+ 22.85/18 
5 6.80604 |30.1760%" —8.0 | —3.5 |40 26 82.96|-+ 9 50.36 |+1. 23.59|+-3)16.9 
6| |19.9850 |21.2708 — .5|—1.9 |40 36 54.72\— 32.49 |+ — 22.01|+-2)16.4 
7| (27.8593 12.7413 + .4]—2.1 |40 42 45.33|— 6 22.02 |+ 23.00/42 
8| |22.1467 |1'7.8480 —2.0 | —2.1 |40 34 34.74/+ 1 48.73 |+ 22.99/12 
9}  |2'7.9360 |18.7890 —1.8 | —2.5 |40 42 21.59\— 5 57.60 23.26|--2 
Jan. 10| 18.5833 21.9953 — .2|— .7 |40 87 50.50\— 1 27.48 |+ 22.93|-1/16.4 
23 |IV 1] BR 19.4117 |22.2067 —1.1}+ .3 |40 35 12.82/-+ 1 10.64 |+ 23,42|-+-4|22.4 
2| |27.8140 |15.9148 — .8|—2.2 |40 41 12.15|— 4 48,28 |+ 23.38|-+5 
3| —|12,'7840% 132. 33°77i" 9} —2.1 | —2.4 |40 44 38.15|— 8 13.98 |— 22.48/4-4/22.7 
4} |10.6033% |29.2373' + .2|+1.0 |40 44 15.62|\— 7 50.77 |— 23.39/+-5)21.9 
5] D (26.2417 22.2150 —1.2|—1.6 |40 34 41.62)/-- 1 41.99 |+ 23.30|-+5 
7] R |34.0010% | 8.6357 —3.3 | —8.8 |40 25 41.53/+10 40.98 |+1. 22.72|4-4/21.4 
8| 28.1407 |15.5667 —2.0 | —2.7 |40 41 41.84\— 5 18.01 |+ 23.06|+-4 
9} 15.1527 |2'7.8750 —1.0 | —1.6 |40 81 1.65/+ 5 21.70 |+ 23.20|+4/21.3 
Jan. 10 8.80334 |30.0993'" A+ .9|+ .2 |40 27 24.41/+ 8 58.01 |+1. 23.79)/-+- 421.4 
25 |IV 1| D [21.0810 18.3163 + .9 | +2.2 40 35 12.68) 1 9.83 |+ 23.06/4-4/35.1 
2| 14.1090 [25.5707 + .6|+1.8 |40 41 12.03|— 4 49.53 |-+ 22.76|--5 


PAN lye) Nema V Ollie Xo Xce L 


Dae THE SAYRE OBSERVATORY. 


Levels Corrections 
1893 | Pair | P Micrometer Cc 1 (6 + 8’) Latitude A | Ther. 
A B Micrometer é t r 
Jan, : OL yi 1 ey 4 I 
25 {ITV 3} D (29.6778! |10.11571 0| — .4 | —1.4 |40 44 88.05|— 8 14.17 |— 85|— 25|—17 |40 36 22.61/4-4)/33.9 
4 29.2713%7 |10.6127% |— 1)— .2|— .8 |40 44 14.94/— 7 51.86 |— 88)— 14/—14 22.42|5/33.4 
5| R 19.8873 |23.8797 |+ 45) -+ .4|—1.1 /40 34 41.56/+ 140.97 /4+ 7— 7+ 8 22.56)-++5 
6) D /18.7193 (21.0650 |—115} -+ .6 | —1.3 |40 89 28.29\— 3 5.28 |+ — Wd 22.92|+-5 
7) R |33.6347" | 8.2857% |+ 30) —1.9 | —2.4 |40 25 41.52/+10 40.45 |41.07;— 63/24 22.65)-+-4/32.9 
8} D |18.1120 |25.7247 |— 435|— .5 | —1.3 |40 41 41.85)— 5 18.51 |+ 38/— 25)—11 23.01|+-4/32.8 
9 27.0453 |14.3257 |+ 50/— .9/— .9 40 81 1.67/+ 5 21.45 |+ 12/— 27/110 23.07|+1-4)31.5 
10 32.5483 |11.2580% + 15) —1.8 | —1.1 |40 27 24.44/+ 8 57.76 |41.02/— 36/417 23.03) --4 
pal 15.6310 [31.3680 |+-326| —1.0 | —1.5 |40 29 44.93/4- 6 38.38 |4- 13/— 36)/-+-11 23.19/+-4/31.0 
2) R |18.7180 |23.4827 |+ 32) —2.7 | —2.0 |40 38 24.32\— 2 0.57/+ 4/— 72) 4 23.03|-+-4/30.5 
3 10.4677# |383.9173'" |. 43} — .9 | —2.8 |40 26 30.28/+ 9 52.50 |+1.09|— 51 +24 23.60/13 
4 13.0760 |27.7820 |-+ 40) —1.9 | —2.5 |40 42 35.22\— 6 11.61 /+ 1|— 65/—12 22.85|+-3 
5 82.5227" | 9.1763 |-+ 16) —2.9 | —1.8 |40 26 33.19/+ 9 49.82 |+1.04\— 72 +19 23.52/+3/30.1 
6 22.4213 |21.1563 |+ 14) —1.7 | —1.3 |40 86 54.96\— 31.99 /+ 12/— 46)/—1 22.62|12|29.4 
ra 13.1880 /28.8250 |-+ 68) — .8 | —1.1 |40 42 45.61)/— 6 22.57 |+ 2|— 27/13 22.66/+2/29.2 
8 20.0267 |24.3108 |-- 55)—2.1 | —3.2 |40 84 35.05/+ 148.35 |+ 9)— %7 + 4 22.76|-12 
9 14.0110 |28.1777 |-+ 92] —1.8 | —2.0 |40 42 21.93/— 5 58.12 Oj — 56/—10 23.15)/-2 
Jan. 10 24.2056 |20.7810 |+ 50)— .8|— .9 |40 87 50.84/— 1 26.64/+ 6/— 25|— 8 23.98|-2)28.5 
26 {IV 1) RJ19.2053 [21.9907 |+ 10|+ .9]-+ .8 |40 35 12.63/+ 1 10.39 + 9+ 26/4 2 23.39/+-4/35.0 
2 25.9247 |14.5327 12) —1.3 | —2.1 /40 41 11.97/,— 4 47.82|+ 1)/— 49\— 8 23.59) +5 
8 12.02474 |31.5887" |— 5) .5|-+ .5 |40 44 38.02\— 8 14.22 |— 85|+ 15|\—17 22.93/-+-4 
4 11.7940" |30.4253'" |— 10) —1.7 | — .8 |40 44 14.91/— 7 50.64 |—  88/— 33/14 22,92)1-5/34.5 
5] D [25.5888 |21.61383 |+ 85) +3.0|+1.5 /40 84 41.54/+ 1 40.63 + + 2+ 8 22.97/15 
6| R [23.4523 |16.0628 |— 10) +4.2 | +3.6 |40 89 28.28— 3 6.66|+ 3/-+1.18\— 5 22.78) +5 
7 33.2847" | 7.9040% |4 17) — .7| + .2 |40 25 41.52/10 39.95 +1.07\— 9/424 22.69/14 
8 27.9287 [15.8530 |+-122/— .6|— .8 |40 41 41.86, 5 18.00 |+  3/— 20/11 23.58|/-4 : 
10 8.94704 |80.2343 |— 2} — .2 | — .2 140 27 24.46/+ 8 57.76 +1.02\— 6|+17 23.35) +-4/33.4 
Vile 28.8470 {13.0970 |+ 90)— .1/] —1.6 |40 29 44.96\+ 6 38.11 |+ 13)— 22/411 23.09)/-+-4 
2 18.4637 [23.2417 |+ 24/—2.0 | —1.8 40 88 24.36/— 2 0.76 |+ — 57/—4 23.03/+-4/31.6 
8 10,2647# |38.7010%" |4 40) —2.2 | —2.3 140 26 30.32/-+ 9 52.15 +1.09\— 67/424 23.13/+-3/31.2 
4 13.9177 28.6317 |+-110)— .4 | — .2 |40 42 35.26\— 6 11.99 + 1— 9—12 23.07/38 
5 31.4497" | 8.0943% |— 4) —2.5 | —1.2 |40 26 33.24/-+- 9 50.00 +1.04\— 58|/+19 23.89/13 a 
6 21.9147 |20.6853 |+ 9] —2.4|—38.1 |40 36 55.00/— 31.08 + 12j— 81/—1 23.22|+-2/30.4 
1 12.7787 |27.9043 |+ 31/—1.8 | —1.7 |40 42 45.66\— 6 22.19 |+ 2/— 52/18 22.84/+-2/30.0 
8 19.6220 [28.8993 + 44/—1.0 | —1.8 /40 84 85.11/+ 1 48.16 /+ 9/— 40+ 4 23.00/-+-2 
. 9 18.2710 {27.4623 |+ 31) —2.0 | —1.6 |40 42 22.00\— 5 58.58 Oi— 54/—10 22.78) +-2 
Feb. 710 22.7943 19.8463 |+ 22) 2.3 | —1.8 |40 37 50.91/— 1 27.16 + 6— 62\— 3 23.16|-+-2/30.5 
3 |[X 1 R [28.1827 |11.9563 |+ 5|—2.0 | —3.1 /40 29 34.49/+ 6 48.69 + 14-— 74/113 22.71|/—8)22.6 
2 24.4433 |17.2520 |+ 35}— .9| — .6 |40 39 25.30\— 3 1.77/+ 3/— 23/— 5 23.28)/—9 
3 17.7793 |23.6867 |+ 26)— .9 | — .5 |40 38 52.42|— 2 29.31 + 4— 22/\— 4 22.89/—9)21.6 - 
4 19.8113 |21.5977 |-+ 6/—1.3 | —2.0 [40 35 38.63/+  45.15/+ ‘7\— 48 + 2 23.39|—9 
5 20.9707 |23.7515 |-+ 40 + .2|— .6 40 37 33.24,— 110.385 |/+ 6/— 3/— 2 22.90|—8/21.5 
6 21.8020 20.8528 |+ | —1.8 |—1.3 |40 36 47.41/— 24.01 + 9-- 47/—1 23.01/—8 
q 8.465044 |31.9930' + 5)/—2.0 | --2.6 |40 46 17.89|\— 9 54.42 |— 90|\— 67/17 - 21.73)—9 
xe il 27.4873 |15.2263 |+100) —1.4 | —2.1 |40 41 38.17\— 5 10.01 + 1/— 5d1\—9 22.57|—9| 20.3 
2 32.6383!" /12.29804 |-+ 8) -+ .4|—-1.4 |40 27 48.87 + 8 33.89 |1.03)— 11/417 23.35|—8/21.1 
Feb. 3 21.6047 18.6603 |+ 38/+ .7|+ .2/40 35 8.63/+ 1 14.89 + + 14/+ 2 23.25|—9|19.8 
4 |IV 3} D |29.3050%" 9.80634 |— 1) --3.2 | —4.5 /40 44 37.82/-- 8 12.63 |— 85/—1.12|\—17 23.05/+-4/18.2 
4 29.0217" | 10.4233% |4+ 2) 2.5 | —2.4 |40 44 14.76|-- 7 49.90 |— 88i— 73|—14 23.11/+-4)17.6 
5] R |17.5200 |21.5187 |— 13 0 |— .4 |40 84 41.52 140.87 /+ T— 5+ 3 22.44/+-4/17.3 
6; D 16.0067 [23.8610 |— 12/-- .2/+ .6 |40 39 28.33 8 5.78 + 34+ 4)—5 22.57/-++4 
A 4.80604 |30.0850'” |— 80) +1.7 | +2.3 /40 25 41.74 +10 38.47 |+1.07/+ 58/+24 22.10 
8 14.0607 26.7093 |+ 29/+ 1/-+ 9 /40 41 42.19\— 5 19.64 + 3+ 18)--11 22.60/+-4)17.2 
9 28.3160 |15.6383 |+147)-— .8|— .5 /40 81 2.10|\+ 5 20.68|/+ 12/\— 20/410 22.80/-+-4 
10 30.4820 | 9.16904 |—- 2] — .2 + .7 40 27 24.95\4+ 8 57.20 |41.02/4+ 5/117 23.389|/-+-4 
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Levels Corrections | 
Pair | P Micrometer slime OF % (6+ 8) Latitude A | Ther. 
A B Micrometer ry l r 
© / // (e) / // 
1} 18.5540 |29.2628 |+130)-+ .1]-+ .9 /40 29 45.49/+ 6 387.20 |+ 18 13/-+11 |40 36 23.06/-+-4|16.1 
2| 128.5250 |18.6638 |-+ 32] +2.6 | +3.0 |40 38 25.01 2 2.91/+ 4/+ s3i— 4 92.93|+-4|16.2 
8} (29.6118! | 6.26284 |\— 40] +1.2 | +2.6 |40 26 31.03/+ 9 49.81 |11.09/+ 54/424 22.'71/-18 
4) |27.7517 |12.9667 |+ 83/-11.1 | +1.7 /40 42 36.03\— 6 18.63 /+ 1)+ 41|12 22.70/48 
5 8.38774 131.6563 |4- 1)/+ .4 0 |40 26 34.04/+ 9 47.88 |+1.04/+ 7/+-19 23,22|-+8/16.2 
6| {19.2107 [20.5457 |— 1/+2.0|+41.8 /40 86 55.85|/— 33.73 /+ 12/4 57/— 1 22.80)-+2 
7) 126.7988 111.6107 |— %2.—1.3 |— .3 |40 42 46.57\— 6 23.53 |+ 2/— 26\—13 22.67|-L2/16.2 
8} 21.6960 {17.4847 | 11) -+1.0 | +1.0 [40 34 36.07/+ 1 46.37/+ 9/+ 30/+ 4 22.87/12 
9} 28.4450 (14.1528 |4-110] +1.4 | +2.5 |40 42 23.06|-— 6 1.37 0+ 56\—10 22.15/+2 
10) 14.9767 |18.5687 |— 69| +2.3 | +3.2 /40 87 51.97/-- 1 30.58/+ 5/+ s80/— 3 22.21|/4-2]15.0 
IX 1] D /12.2593 (28.4280 |+ 83/+ .7|+ .4/40 29 34.49/+ 6 48.63 |+ 14/+ 17/113 23.56|—8| 9.4 
2} 16.0597 |23.2403 |— 15} —2.3 | —1.7 |40 39 25.26 3 1.39 /+ 3i— 61/— 5 23.24|--9 
8} (22.1018 |16.2093 |— 30)— .8 | — .8 |40 38 52.37\— 2 28.79 |+ 4/— 24/-- 4 23.34|-—9|10.4 
4| |21.2483 |19.5007 |+ 4)/—.7 0 40 85 88.57/+ 44.16/41 7— 12/4 2 22.'70|——9 
5} . (21.0953 |18.33887 |— 5|—1.1 |— .2 140 37 83.161 9.77/+  6i— 2i/\-- 2 23,22|—8 
6| 19.4767 |20.4150 |+ 1)—2.2 |—2.7 |40 36 47.33,— 23.71/+ 9I— 2\-—1 22.98|--8 
7} 132.4927'" | 8.96474 |+ 16) +2.1 | -+1.1 [40 46 17.78/— 9 54.50 |— 90/4 50|-17 22.71, —9|10.6 
X 1; {18.7760 (26.0488 |— 7)— .4/-++ .8 /40 41 33.06\— 5 10.06/+ 1/+ 3) 9 22.95|—9|10.3 
3} 19.2080 22.1948 |+ 12) —1.7|—3.0:/40 85 8.50/+115.48/+ ‘7— 67/4 2 23.40|—-9} 9.5 
A} 10.2817 125.7737" |4- 51) —2.8 | —3.1 [40 29 50.21/+ 6 32.82 |+1.00\— 87/111 23.17|--9 
5} D [25.9697 /21.9030 |+ 94)/— .8|—1.9 |40 84 41.21/+ 1 42.98/+ ‘7— 388/+ 8 23,91|+-4/23.5 
6} R [24.0167 (16.7027 |+ 14 0|-+ .4 40 89 28.06/-- 8 4.82|+ 38)+ 5/—5 23.27/14 
%| |83.09380%" | 7.69404 |+ 12} —5.9 | —5.4 |40 25 41.56/-+10 41.71 |+1.07/—1.'70|-+-24 22.88|-13 
8| |27.2680 /14.6607 |+ 73)/+ .3|/— .3|40 41 42.04 5 18.69/+ 3/+ 1/11 23.28|-1-4|23.4 
9| 14.6763 |27.4040 |+ 79) — .1|—1.0 |40 31 2.00/+ 5 21.75 |+ 12|\— 14/+-10 23.83|-14 
10) = |11.8553# |82.6403%" |+ 15)— .4 .2 40 27 24.89/+ 8 57.78 |4+1.02/— 4/417 23.82|-1-4 
V 1] _ (28.9207 |13.2000 |-+ 98] —1.9 | --1.1 40 29 45.45/+ 6 37.42 |+ 18|\— 46/111 22.65/14 
2} |18.2917 128.1168 |+ 20/—1.5 | —1.7 /40 88 25.03\— 2 1.94/+ 4}— 47/— 4 22.62|+-4|22.4 
4| 14,4868 [29.2183 |+-160 0|— .5 [40 42 36.11/-— 6 12.46/+ 1/— 7-12 23.47|+-3)21.4 
5} (82.5750 | 9.175741 | 18] — .8 | — .2 |40 26 34.14/+ 9 48.68 |+1.04/— 16/419 23.89/13 
6| (21.3487 (20.0540 |-+ 5/—3.8 |—3.8 |40 36 56.00\— 382.73 |-+- 12)—1.07/— 1 22.31/12/21.4 
7| |18.6877 |28.8563 |+114; 2.0 | — .9 /40 42 46.75/— 6 23.50|1 2|— 45/—18 22.69|-+.3/20.4 
8} 19.4187 |28.6513 |+ 39|/+ .8|— .9 |40 34 36.28/+ 147.16/4 9/+ 2+ 4 23.59/-+-2/20.4 
9| [18.7508 /27.9873 |-- 78] —1.7]—1.3 |40 42 23.82|— 5 59.87 Oi— 46/—10 29.89/+2 
10} 23.4943 °/19.9990 |+ 37|/—3.1 |--2.6 /40 37 52.23\— 1 28.39 /+ 6/— 86\— 8 23.01|-+2/20.4 
IX 1] R [29.0157 {12.8887 |+ 90/+1.0/-+ .6 /40 29 34.43/+ 6 47.78 |4+ 14/+ 24/+18 22.'72|—8125.9 
2} 28.9888 /16.6923 |+ 12) -+5.2|-+4.1 |40 39 25.04, 3 2.97|+ ‘3/+1.41/— 23 46|—9 
3] 17.5740 [23.5037 |-+ 19) -+2.4 | +2.5 |40 38 52.09\— 2 29.85 /|+ 4/+ 73/— 4 22.97/—9 
4} 19.9993 /21.7587 |4+ 9/4 .56/+1.8 |40 35 38.19/4+ 4447/1 7+ 25/+ 2 23.00/—9]25.9 
5} 120.2018 |22.9558 |+ 28)+ .6|)+ .8 |40 37 82.74,— 1 9.65|+ 6/4 20\— 23.33, —8 
6] {22.6480 /21.6907 |+ 12;— .2/— .3|/40 86 46.84I— 2421/4 9— 7-1 22.64|—8 
7 9.3390% |32.8047" | 22) — .2 0 |40 46 17.22\— 9 52.88 |— 90|\— 3\—17 23.24|—9 
X 1} |27.7128 {15.4867 |-+116/— .6 |—1.4 /40 41 32.39\— 5 9.16/+ 1/— 28/— 9 22.87|—9|25.3 
2| |82.4238%" 112.0673 |4+ 7) -+ .5 | +2.1 |40 27 47.58/+ 8 34.28 |+1.03/+ 35/+17 23.41/—8 
8} 22.6990 19.6973 |+ 23) —1.7 /—1.4 40 385 7.74/41 115.89/+ 7— 47/4 2 23.25|—9 
41 |29.31'70" |13.7620% |— 41/-+ .6 |— .1 |40 29 49.30/+ 6 32.87|/+1.00/+ 8/411 23.36/—9 
5] |11.5110# |32.2990'" |-4 11) — .8 | 4+ .1 |40 45 69.18/— 8 45.21 | 84/— 12/—20 22.81|—8/24.8 
7| D | 6.51'70% |31.8277'" |— 27) +3.0 | +4.7 [40 25 41.51/+10 39.32 |+1.07/+1.11]-+24 23.25|-+-3/36.7a 
8| {12.3573 125.0070 |— 97/+2.1 | +1.2 |40 41 42.05\— 5 19.30!4+ 3)4+ 51/11 23.18/+-4/35.6 
9} |26.8187 /14.1383 [+ 35/-+1.8 |+1.2 /40 31 2.05/+ 5 20.29 |+ 12/+ 46/410 23.02|4-4)34.9 
10} (82.9080 /11.6937# |4+- 16) +1.5 | +2.1 140 27 25.00/-+ 8 55.82 |4+1.02/+ 52/417 22.53|-1-4 
V 1} {14.8920 |80.0590 |-++-205| +1.6 |-+1.6 /40 29 45.58/+ 6 36.29 |+ 13-4 48/11 22.59)/-1-4/34.9 
2| 28.3443 |18.4970 |+ 27/-+ .4/+ .4/40 38 25.24 2 2.52/1 4/+ 12/4 22.844 
3} |31.2580!" | 7.8800# |— 9) + .1 | —1.4 |40 26 31.36|-- 9 50.41 |+1.09\— 16/424 22.94|4-3134.6 
4 |28.1983 |13.4490 [+ 72/+1.0]+ .1 /40 42 36.41/— 6 12.65 |+ 1/+ 18/12 23.83/43 
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Levels Corrections 
1898 | Pair | P Micrometer (6) 4 (6 + 8’) Latitude A | Ther. 
A B Micrometer C) 1 r 
Feb. Oly i oy i 
14 |V 5/ D| 8.8887 |32.1843" |4. 9 8 |+1.6 40 26 34.47/-+ 9 47.387 |41.04)/+ 34/4119 /40 86 238.41/+-3/34.2 
6 19.6917 |21.0487 0) +1.4 | +1.9 |40 86 56.388)— 3428/4 12/4 48—1 22.69|+-3/34.3 
i 27.8197 |12.61387 |+ 18)+ .5|-+ .8 |40 42 47.17)\— 6 24.17 |+ 2 + 12)—13 23.01/-+-3/88.4 
8 24.5803 |20.3940 |+ 59 .2|-+ .5 |40 34 86.75)/4- 1 45.91 |+ 9/+ 10)4+ 4 22,89)1-2 
9 30.6447 |16.8943 /+296 0 |— .2 40 42 23.84,— 6 0.74 Oi— 2/\—10 22,98)-+3 
Feb. 10 21.2217 |24.7808 |+ 65] -+-2.2 | +1.8 |40 37 52.77/— 1 30.06 |+ 5/+ 60/— 8 23.33|-+-2/33.2 
15 |VI 1| R 128.7187 |18.0527 |+ 82) +2.4 | +2.5 |40 29 45.62)4 6 35.94 + 138/+ 73/411 22.53) +-4/43.8 
2 18.7917 |23.6767 |-- 37| +2.2 | +2.8 |40 88 25.25\— 2 3.49 + 4/4 W/— 4 22.49)+-3/43,1 
4 14.3817 |29.14738 |+154)/4 .9 | 42.3 40 42 36.48\— 6 13.37 4- 1j+ 45|\—12 23.45|-+3 
5 33.2690 |10.0053% | 34) —1.5 | — .8 |40 26 34.55 + 9 47.73 |+1.04,— 36/19 23.15|+38 
6 22.2247 (20.8870 |+ 12)+1.2/-+ .8|40 36 56.43 33.82 + 12)+ 24/1 23.01)/+-3)43.1 
7 18.2613 |28.4960 |-+ 79} +1.5 | +2.2 40 42 47.27/\— 6 25.03 /+ 2/4 54/13 22.67)/+38/42.5 
8 19.9403 |24.1850 |+ 50)— .3/— .2 |40 34 36.85 + 146.08/+ 9— TW+ 4 22.99)+-2) 
9 14.8610 /29.1597 |/+170) +1.4 | +1.0 40 42 23.96/— 6 1.62 O\+ 387\—10 22.61)+3/42.5 
IX 1] D /11.53380 |27.6850 |— 87|+41.0 0 |40 29 34.39 + 6 47.92 /4+ 14/4 17|+138 22.'75|—8/38.6 
2 16.8617 23.5427 |— 2)/— .4|—1.6 |40 39 24.88\— 3 1.389 )2 8/— 97/— 5 23.20)—8)38. 4 
3 22.2520 |16.38820 j|— 23) -+ .8]-+ .2 40 38 51.90|— 2 28.23 + A+ TWH 4 23.74/—8|37.8 
4 20.6230 |18.8873 | — 2/— .6|— .3 /40 35 37.91 +- 45.10 |+ TW— 14/+ 2 22.96/—9/|37.8 
5 20.5897 |17.8287 |— 13} — .8 |—1.1 |40 387 32.43| 1 9,71 4- 6|I—  27\— 2 22.49/—8 
Drea ail 12.8383 125.0670 |— '76] —1.6 | —2.0 |40 41 81.94, 5 885/4 1/— 53/— 9 22.48/—9|37.3 
2 9.2187% |29.6240iv 0| —1.2 | 1.4 |40 27 47 11/+ 8 35.46 |141.03\— 388/117 23.39|—8 
3 18.8747 )21.9240 |+ 7 — .7 |—1.2 |40 85 7.22/4 1 17.04 + W— 27+ 2 24.08|—9 
4 11.6780" |27.2440'" |+ 15 + .2)—.7 40 29 48.74) 6 38.25 +1.00— 5/411 23.05|—9 
5 28.1173" | ‘7.36238 |— 10 0|/— .8 |40 45 8.65\— 8 44.27 |— 84i— 10/—20 23.24/—8 
6 21.3340 |16.7070 |— 28) — .8 | 1.6 [40 34 26.28/+ 1 56.82/41 9\— 34/4 4 22.89|—8 36.7 
Feb. 
16 [[X 2) R [23.7177 |16.5097 |4+ 4) +2.5 | +2.4 |40 39 94.88, 3 2.11/+ 3/+ WI—5 23.48 —8|25.0 
3 16.5867 /22.4917 |— 16)/+1.1|+1.8 |40 88 51.90\— 2914/4 4/4 42/— 4 23.18|—8/25.0 
4 19.5460 (21.2667 |+ 4) +2.0|+2.5 |40 85 37.89)+ 43.48 |-L T+ 66+ 2 22.12) —9|24.4 
5 19.0867 |21.8707 j+ 8)/-+ .5 | +2.6 /40 37 32.40/— 1 10.85 | 6|+ 42;— 2 22.51/—8|24.0 
6 21.6343 |20.68438 |+ 8)+ .9/+ .5 /40 386 46.44/— 24.02 |+ 9+ 22!— 1 22.72)—8 
7 7.47904 |30.9450'" |— 17) + .6 | +2.2 140 46 16.79,— 9 52.79 |— 89 + 388'—17 23.82|—9 
Ke il 26.7107 {14.4837 |+- 40) +2.0 | +3.3 |40 41 31.87/— 5 10.26 |4+ 1j+ %6i— 9 22.29|—9/23.7 
3 22.7013 {19.7043 |+ 21) +2.6 | +4.2 |40 35 7.13/+115.77/4 7+ 98/4 2 23.97|—9|23.5 
4 30.1147" |14.5907% |— 63) +8.1 | +4.5 |40 29 48.65/-+ 6 32.03 + 99)+1.11/+41 22.89)—9 
6 18.6770 {23.2500 |+ 28) 41.1 | +1.2 /40 34 26.16/+ 1 55.60 |+ 9/4 34/4 4 22.23/—8)/23.4 
Feb. 
20 |V 1| D /12.0188 (27.7407 |— 10 + 4 0 |40 29 45.54/+- 6 37.20 |+ 174+ 12)/-+-11 23.14/+-4/16.5 
2 23.1290 |18.2847 |+ 21)/— .7 | 1.4 |40 38 25.30/— 2 2.45 + 3\— 380/— 4 22.54 +3 
3 31.6908" | 8.32634 0, —2.0 | — .2 140 26 31.52 + 9 50.29 |+1.14,— 36/424 22.83)-3)15.9 
4 29.0517 14.2730 |+145)+1.0/+ .6|40 42 36.61\— 6 13.75 |— 4/+ 24/—12 22.94) +13 
5 8.6963% |81.9570% |+ ‘7! —1.6 | —1.4 |40 26 34.71 + 9 47.70 |4+1.09\— 45/419 23.24/13 
6 19.0383 |20.4210 |— 2/— .4|+-41.2 |40 36 56.70/— 35.06 + 12)}+ 8|—1 21.83) --3]15.6 
4 27.2217 11.9657 |— 35/4 .6|+1.4 |40 42 47.538I— 6 25.385 |— 8 + 28\/—13 22.30 +3 
8 21.9173 |17.7567 |— 5)— .2|-+ .5 140 34 37.17 +1 45.10/+ 10)+ 3/4 4 22.44/12 
9 28.4523 14.1320 |-+110) +2.9 | +1.5 |40 42 24.33\— 6 2.08/— 4/+ 69/—10 22.80|+3 
10 18.8837 |21.9808 |+ 4/-+ .4|-+ .4|40 87 53.28/— 1 30.88 + 4+ 12)\— 3 22.53)+-3/15.5 
WI 16.5360 |24.7187 |+ 29/+ .1|+18 /40 82 55.60/+ 8 26.68 /+ 18/4 18/+ 6 22.65/-+-2/15.3 
2 23.8983 [17.8273 |-+- 22) —2.0 | —1.7 |40 33 37.20/+ 2 46.07 |+ 11/— 56/+ 5 22.87/12 
3 29.3100 |12.9653 |+-110) —2.2 | —2.4 |40 43 17.08|— 6 53.23/|— 5/|— 68/—13 22.99)+-2 
4 23.6360 |1'7.5713 |+ 21) —1.1 | — .2 140 33 50.06|/-+ 2 33.28 /+ 10/— 21 + 4 23.27|+-2 
5 24.2613 {18.5700 |+ 49) —1.1 |—1.0 140 88 46.77|— 2 23.91 |+ 8/— 382/— 5 22.52)--1 
6 8.86234 |29.9130 |— 4) + .8|— .4/40 27 29.48/+ 8 51.83 +1.08 0/+-19 22.58/+-1 
7] |22.2410 [19.5787 |+ 13/4 .4/— .2 140 37 30.581 729|+ 4/4 4/—2 2335/1 
8 13.3650 29.8467 +154} +1.1 | +1.6 |40 43 19.64\— 6 56.80|— 5/+ 40/13 23.06/+1/14.9 
9 29.3440" | 9.6343 |— 61] —2.3 | —1.6 |40 28 4.21/+ 8 17.81 +1.05\— 59)+15 22.63) 0 
10 23.7893 |17.93383 |+ 29) —1.4 ie 8 |40 33 56.83/+ 2 26.76 |+ 10)— 34/+ 4 23.389} 0)15.5 
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Levels Corrections 
1893 | Pair | P Micrometer Cc 4 (6+ 0) Latitude A | Ther. 
A B Micrometer 6 1 r 
Feb. J 2, Ole ipensds 
20 |VI11) D |18.6843 |26.2473 0Oj+ 8)-+ .8/40 81 6.08/+ 5 17.41 16/+ 24/+10|40 36 23.99) 0 
Feb. 12 80.4508 | 9.08238 |— 29) — .1 0 40 27 22.10/+ 8 59.79 |+ 23)— 1/418 22.29/—1/14.3 
24 |V 1|R /26.2410 (10.5270 |—150)+ .7|+ .9 40 29 45.39|/+- 6 36.58 |+ 17|/+ 23)-+11 22.48|+-3/33.2 
2 18.3220 |23.1693 |+ 22)— .7|— .8 /40 88 25.21\ 2 2.51 /+ 3/— 22|\— 4 22.47|-+-3/32.9 
3 9.79374 |33.1600% |+- 80) — .2 | —2.1 |40 26 31.49/-- 9 50.35 |41.13/— 30/424 22.91|--3 
4 13.9900 (28.7470 |+120) —1.3 |— .3 |40 42 36.56\— 6 18.09 |— 4/— 26|—12 23.05/+-3 
Feb. 5 33.3020%" |10.0470# | 33); — .1|-+ .8 |40 26 34.70/\4 9 47.55 |41.08/+  9)/-+19 23.61|-+3/32.6 
25 |IX 4] D |20.60038 |18.7913 |— 2) —2.0 !—1.9 |40 35 38.01\+ 45.70|+ 7— 58/+ 2 23.22|—9/26.1 
5 20.1780 |17.4470 |— 20) —2.3 | —2.7 |40 87 82.48) —1 8.94/+ 5|\— 74/— 2 22.78|—8 
6 18.5480 |19.4683 |— 5)/—2.3 | —2.6 |40 36 46.388_— 238.23/4+ 8/— ‘%2|— 1 22.50|—8 
Yi 32.8847" | 8.9740% |4 15| —2.5 | —2.2 |40 46 16.70\— 9 51.47 |— 93|\— 71/17 23.42/—9 
Xa 14.2620 (26.4707 |+ 26) —1.3 | —2.5 40 41 31.64, 5 849|— 3/\— 54/— 9 22.49/—9}25.9 
2 10.7317 131. 15074” 0} —2.2 | —2.9 |40 27 46.75/+- 8 35.85 |+1.05|— '75)+-17 23.07|\—8 
3 16.6893 {19.7508 |— 32) —1.4 |—2.3 |40 35 6.77/+ 117.25|+ 8— 53/+ 2 23.59|—9/25.0 
4 13.5427 |29.1283%" |— 34| — .'7 | —1.8 |40 29 48.23/+ 6 33.65 |+1.00/— 35)-+11 22.64/—9/25.0 
5 31.9417" [11.2273 | 8) —1.5 | —2.7 |40 45 8.11/— 8 43.33 |— 86|\— 60\—20 23.12|/—8 
6 22.3937 (17.7497 |+ 2) —1.7 | —1.7 |40 34 25.53/+ 1 57.33 |+ 10|— 51/+ 4 22.49|—9 
i 14.9883 |26.4810 |+ 47) — .9 | —2.0 40 31 33.62/+ 4 49.20 |+ 14/— 41/4 8 22.63|—9 
Feb. 8 29.7397 |10.0820 |— 14) — .8 | —1.7 |40 44.39.94,— 8 16.58 |— 8|— 35|—15 22.'78|\—9 
26 |V 1/ D |12.8153 {28.0380 |+ 16|— .9 |— .7 |40 29 45.28)/+ 6 37.10 |+ 17/— 24/411 22.42|-+-3/30.6 
3 30.2997" | 6.9163! |— 28) —1.6 | —2.5 /40 26 31.53)-+ 9 50.66 |+1.11/— 60/424 22.94/38 
4 27.4153 |12.6407 |-+ 2)/— .3/— .1 |40 42 36.61\— 6 13.25 |— 4/— 6/—12 23.14|+3 
5 7.07434 |30.38373 |— 25|-+ .7|— .7 |40 26 34.76|+ 9 47.62 |+1.06/+  3/+19 23.66|--3/30.4 
6 22.4760 |21.1527 |+ 17/-+ .8 | —1.0 |40 36 56.82,— 33.47 |+ 12 O— 1 23.46|+-3 
a 12.6973 (27.9343 /+ 28) —1.0 | — .2 |40 42 47.68\— 6 24.99 |— 3/— 19|—13 22.34/-+-3 30.2 
8 21.1233 [25.2770 |-++ 79) +1.4 0 [40 34 37.87/4+ 145.13 /+ 10)+ 24/4 4 22.88/-++3 
9 18.2987 27.5787 |-+-.38] —2.2 | —3.5 |40 42 24.59, 6 0.84|— 4/— 82\—10 22.79|-+-3 
10 23.2047 |19.6333 |+ 29|/+ .1|— .8|40 87 53.56|— 1 30.30 |- 4)— 2/— 3 23.25|-+-3/30.5 
Val al 26.1858 17.9843 |--102) — .8 | — .8 40 32 55.91/4 3 27.43 |+ 138;,— 17|+ 6 23.36/-++38 
2 18.5827 125.0970 |+ 71)/4+1.6|-+ .7 |40 33 37.56/4 2 44.75 + 11/4 36/4 5 22.83|---2 
3 12.0590 /28.4413 |+ 24) 1.2 |-+ .8 |40 43 17.46\— 6.53.92 |— 5|— 16)—13 23,20) -+2 
4 18.2120 /24.2880 [+ 44) — .6 | —1.2 40 33 50.51/4- 2 32.35 |-+ 10/— 25|-+ 4 22.'75|+-2)29.7 
5 18.5180 (24.2187 |+ 46 0}-+ .1 140 38 47.22\— 2 2413 |/4+ 3)+ ° 1|— 5 23.08|+-2 
6 32.1630% |11.1103% |+ 10| — .3 | — .8 /40 27 29.92/+ 8 51.87 |+1.05|\— 15/419 22.88|-+-1 
ui 19.0367 [21.7020 |-+ 8/—1.7|—1.8 |40 87.31.12)— 1 7.85|/+ 4/— 52)— 2 23.27|-+1 
8 28.8280 [12.3463 /-+ 56|— .7 |—1.3 |40 43 20.19/— 6 56.51 |— 5|— 29/13 23.21|-+-1 
9 11.2593% |30.9410' |—  3/+ 8 |— .4 |40 28 4.78/+ 8 17.21 |4+1.02/+ 8/415 23.24)-+1/29.5 
10 18.5827 (24.3290 |+ 49) +1.8|-+ .5 |40 88 57.444 2 25.29 |+ 9/4 37 + 4 23.23/-++1 
ita 27.8710 |15.3837 |+120)— .9 | —1.2 [40 81 6.75|+ 5 15.77 |+ 16/— 31/+10 22.47; 0 
12 11.4048 '82.7450 [+261] + .2|— .7 |40 27 22.71/-+ 8 59.68 |-++ 23\— 5/+18 22.75} 0/29.1 
IX 4) R |19.8803 [21.1673 [4+ 2)—1.5 |—1.7 40 35 38.00\+ 45.15 |+ TW— 47+ 2 22.'77|—9)25.6 
L 5 19.6880 |22.4770 |+ 20/— .3|— .6|40 37 32.41\— 1 10.51 |+ 5/— 12)— 2 21.81|/—8 : 
6 24.3017 |23.8807 | 17/+1.1|-+ .2 /40 36 46.35|— 23.31 |+ 8+ 21;—1 23.32|—8 
7 9.48771 |32.9343% |-4+ 23} + .2|+1.0 |40 46 16.67\— 9 52.40 |\— 92/+ 16\—17 23.34|—9)25.3 
>| 26.8453 |14.6623 |-+- 54/— .5|— .2 40 41 31.60, 5 7.93/— 3)— 11/— 3 23.44/—9 
2 81.9047" |11.5207%.|4+ 5)— .2|-+1.2 40 27 46.70/+ 8 34.99 |+1.04/4 12 +17 23.02/—8 
3 22.8323 (19.8053 |-+ 23|/— .8 0/40 85 6.71/+ 116.53 /+ 8\— 13/4 2 23.21/—9 
5 10.45873i 131.1700 |-+ 2)/— .7|— .5 |40 45 8.03;— 8 43.25 |— 85\— 18 —20 23.55|—8)24.6 
6 19.0450 [23.7043 |+ 38}— .6|—1.8 |40 34 25.44/+ 1 57.81 |+ 10— 27/4 4 23.12/—9 
7 27.4863 [15.9707 |4+116) — .9 | —1.1 /40 81 33.52)+- 4 49.95 |+ 14,— 29/+ 8 23.40|—9)24.2 
Mar. 8 10.6640 {80.8123 55|-+ .2|-+ .2 |40 44 39.82, 8 16.52 |— 8+ 6 —15 23.13/—9)23.9 
i 2) D |22.8918 {18.0143 a 13} +1.9 | +2.2 |40 38 25.28),— 2 3.238 |+ 3+ 61)— 4 22.65|-++3/34.9 
3 30.1820!" | 6.8667% |— 28) +1.1 | 41.9 [40 26 31.65/4 9 48.92 |4+-1.11/+ 43|-+24 22.385|+3 
4 29.1017 |14.3083 /+-147) +2.8 | +2.5 |40 42 36.74|— 6 14.08 |— 4\+ T1/—12 23.21 +3 
5 8.1820# |31.4187!y _— 4) +1.1 | +1.4 |40 26 34.90/4+ 9 46.99 |4-1.06)+- 37|+19 23.51/-++3 
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Levels Corrections. 
1893 | Pair | P Micrometer Cc % (5 + &) Latitude A | Ther. 
A B Micrometer § (4 r 
Mar. Slew; “ oh; MW 
1 |V 6] (20.4650 {21.8460 [+ 10/— 2|— .8 /40 36 57.01,— 8491 /+ 12/— 14/— 1 /40 36 22.07/+3/34.4 
7 127.9888 |12.7580 |+ 33/+1.3]-+ .4 40 42 47.89|\— 6 24.95 |— 3i+ 27/13 23.05/-+3 
8} 21.4797 [17.3897 |— 16] +2.5 | +2.3 |40 34 37.61/+ 1 4454/4 10/4 72/4 4 23.01|-+3 
9| [27.6783 |18.8567 |+ 44/+2.2/-+ .9 |40 42 2485, 6 1.90/— 4/4 49\—10 23.30|-++3 
10} 18.0240 [21.6593 |— 3/+2.6|+8.3 |40 37 53.84 1 31.88/4 4/+ 87/— 3 22.89/38 
VI 1 15.6463 |23.8888 |— 14/-+ .4|— .2 /40 32 56.21/+ 8 26.79|4 13/4 4/4 6 23.23/+-3/33.6 
2} 24.5893 /18.0423 |+ 49) +2.2 | 42.4 |40 38 37.89/+ 2 44.95|4+ 11/+ 68/4 5 22.98|-+-3/33:8 
3| |2'7.2847 110.8810 |— 93]—1.6 | —1.1 |40 48 17.79\— 6 54.15 |— 5\— 41|—13 23.05/-+2 
4| |22.2253 |16.2377 |— 27/+1.9 | +2.0 [40 33 50.89/+ 2 31.19 /+ 10/4 58/+ 4 22.80|-++2/33.8 
5| |28.8768 |1'7.6220 [+ 17/+1.8|-+ .4 |40 88 47.61|\— 2 25.40/+ 3/4 35/— 5 22.54/+2 
6 10.9857# |32.0203'" |+- 9] — .6|— .4 |40 27 30.29/-+ 8 51.89 |+1.05|— 15/+19 29.7718 
IX 6) D |17.6657. |18.6057 |— 11) — .6 |— .4 |40 86 46.382\—  23.72|+ 8|— 15\— 1 22.52/—8/32.3 
7| 82.5990! | 9.1590% |4+ 18) + .3|— .9 |40 46 16.64/— 9 52.19|—  92/— 6/—17 23.30|—9132.3 
(X 1] [18.5987 /25.8327 |— 22) —1.3 |—1.3 |40 41 31.51,— 5 9.00/— 8|— 389\— 9 22.00/—9/31.1 
2} 9.54038 |29.9260%* 0 0|-+ .4 |40 27 46.58/+ 8 34.99 |41.04/4+ 5/417 22.83\—8 
3 19.3247 |22.3503 |+ 16 0|+ .5 40 8 658+ 11648/+ 8+ 6/4 2 23 .22|—9 
4 |12. 7807 |28.3507i |— 16] +1.9 | +1.8 |40 29 48.01/+ 6 33.29/+ 99+ 55/111 22.95|—9 
5} {30.0800 | 9.85134 |— 2} 11.2 | 41.1 |40 45 7.86/— 8 43.65 |— 85|+ 34/20 23.50|\—8 
6} |22 6023 /17.9747 |+ 8/+ .6/+ .2 /40 34 25.20/4+ 1 56.92 /+ 10/4 12/4 4 22.38|/—9 
7} |14.2420 [25.6970 |— 4/+1.0|— .5 /40 31 33.24/+ 4 49.37 /4+ 14/+ 10/4 8 22.93/—9}29.8 
8) |29.5557 | 9.8980 |— 31/+2.0 | +1.8 |40 44 39.53|\— 8 16.52 /— 8+ 51\—15 23.29|—9|29.6 
Mar. |V_ 6) R |28.1148 |21.7887 |+ 19|—8 6 |—8.5 |40 36 57.06 33.53\/-+ 12/—1.06/— 1 22.58|-+3/32.3 
6 7 |18.9877 |29.1460 |+139] —2.8 | —1.9 |4u 42 47.97\— 6 24.55 |— 3i— 72/13 22.54/13 
8} |19.0060 /23.1660 |+ 27/+1.2|+ .8 /40 34 87.75/+ 1 45.16 /+ 9/4 31/4 4 23.35|-18 
9} 18.4760 {27.7808 |-+ 54] —2.2 | 1.3 /40 42 25.04, 6 1.49/— 4/— 54/—10 22.87|-+8 
10; = (22.0450 [18.4460 |+ 4/+ .8/— .2 /40 87 54.08I— 1 30.93|/+ 4/+° 11/— 3 23.27/18 
VI 1} = |25.8280 |17.6800 |+ 83)+ .2/-+ .9 |40 32 56.49/+ 3 25.92 |4 18/4 15/+ 6 22.'75|--8132.5 
2 17.8220 |24.3147 |+ 40] +1.5 | +1.6 /40 38 38.23/+ 2 4412/1 11/4 46/4 5 22.97/+8 
3|  |18.0907 {29.4900 |+-125} —1.7 | —1.3 |40 48 18.15|— 6 54.60|— 5/|— 46/—13 22.91)-4-8/32.6 
4| |16.3883 [22.3880 |— 23] +1.9|-+ .6 /40 38 51.34/+ 2 31.50/+ 10+ 40/4 4 23,88)-+-2/32.4 
j 
5) |18.9083 /24.6263 |+ 61) —2.5 | —2.2 |40 38 48.09|— 2 24.60|+ 38— 71\—5 22.76 tf 32.4 
6} |81.8817" |10.8793% |+ 8}+ .9 | +1.2 |40 27 30.77/+ 8 50.58 |+1.05/+ 31/+19 22.90/-+ 
7 18.2547 |20.9893 |— 6/— .4|— .2 /40 87 32.12/11 907/+ 4i— 9/— 2 22.98] -1-2 
8} (29.3043 [12.7720 |4+101)+ .6|— .7 |40 48 21.23\— 6 57.90 |— 5|+ 1/—13 23.16|-+2/31.9 
9 9.70574) |29.8433% 0} —1.0 | —2.3 |40 28 5.86/+ 8 16.09 |411.02\— 46/+-15 22.66/-+1/32.2 
10) {17.8787 |28.0897 |4+ 8/+ .9 0/40 83 58.55/+ 2 24.41 |+ 10/4 15/4 4 23.25/-+-1/81.6 
11) (27.5483 [15.0928 |+ 98 0 0/40 31 7.82/45 14.79|+ 16 0|-+-10 22.87/+-1 
Mar. 12 10.2643 |81.5980 |+117) —1.1 | —2.8 /40 27 23.91/+ 8 59.23 |+ 23\— 48/118 23.07] 0/80.9 
7 |V_ 6 D |17.8960 |19.3007 |— 12/+2.3 | +3.8 |40 36 57.03\— 35.45/+ 12/4 8si—1 22.5'7|-+-3'36.5 
7 = 29.1957 /18.9578 |+-142} 41.7 | +1.2 |40 42 47.95|\— 6 25.31|— 3i+ 44/18 22.92/+-3)36.4 
8; 21.7667 /17.6493 |— 8/+4.0 | +38.2 |40 34 37.74/+ 1 43.99 |+ 10/41.09/+ 4 22.96|+-3 
9} (27.6000 [13.2557 |+ 87) +2.7|+2.0 |40 42 25.04, 6 2.45|/— 4/+ 72/10 28:17/--8 
10) {20.8227 24.4527 |+ 55/+38.3|/+1.5 [40 87 54.08/— 1 81.84/+ 4/+ 7I— 3 23.01|-+-3 
Vile 15.6580 |23.8153 |— 18] +1.3}— .1 |40 82 56.50/+ 8 2603 /+ 13/+ 20/+ 6 22,92|-3/35.8 
2| |28.0278 16.5187 |— 10] + .1/— .6 /40 83 38,25/+ 2 44.39 /+ 11/— 6/4 5 22.74/18 
3} [27.1980 [10.7780 -|— 98) —1.7 | —1.7 |40 48 18.17\— 6 54.55|— 5I— 51/13 22.93/+-8/35.9 
4) 23.5897 /17.5623 |+ 19) — .1|—1.1 |40 33 51.38/4+ 2 31.05 /+ 1o— 15/+ 4 22.42/42} , 
5] 22.8730 17.1453 0} —2.0 |— .9 40 38 48.13/— 2 2469/+ si— 45 — 5 22.97|-+2 
6 9.6383" |30.6507" |+ 1/4 .1 0 |40 27 30.81/-+ 8 50.81 |11.05/+ 1/+19 22.872 
7 (22.4750 |19.7257 |+ 20/4 ..|— 4/40 87 82.18\— 1 950/4+ 4/— 3\—2 22.67/+2 
8 {11.5623 (28.1050 |— 18]— .5|— .4 40 43 21.80\— 6 57.85 |— 5|— 13\—13 28.14|+-2/35.0 
9} 30.8263" |11.22674 |+ 1) 4.2.38 | 41.8 40 28 5.94/4+ 8 15.11 |-+1.02/+ 62/115 22.84|-1.1134.6 
10} 21.5293 {15.7893 |— 45|— .9 | 1.3 |40 33 58.69/+ 2 24.89/+ 1o\— 32/4 4 23.40/41 
11 12.9670 (25.4763 |— 57/—1.5 | —1.8 40 81 7.91/-+ 5 15.86/+ 16/— 48/410 23.55|+-1 
12}. (380.4597 | 9.1467 |— 24)+ .4/4 .5 /40 27 24.01/+ 8 58.34/+ 23/4 13/118 22,89|1-1/34.3 
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Levels Corrections 
1893 | Pair | P Micrometer OF i Sea a Sa Aaa Latitude | A | Ther. 
A B Micrometer ry 1 r 
Mar. Ou yane/? op fh 
7% (TX 7 RK} 9.5637 188.0257" |+ 25) — .2| — .4 /40 46 17.09|— 9.52.78 |— 92\—  8|—17|40 86 23.14/—8/28.4 
De) al 26.0883 |18.8227 |— 5) — .7|—1.1 /40 41 31.87,— 5 859 |— 3/— 26/— 9 22.90|—9 
2 81.8617" |11.4630% |+ 4) —1.4|—1.0 |40 27 46.86)/-+ 8 35.34 |+1.04/— 37/17 23.04/—9/28.2 
Mar. 3 22.0240 |19.0077 |+ 9) —1.7|— .7 |40 85 6.838)+ 1 16.22 + 8/— 38|/+ 2 22.77/—9 
13 |V 8 R /19.8360 (28.5513 |-- 36) —3.8 | —4.7 |40 34 87.84/+ 1 46.57 |+ 10/—1.25/+ 4 23.30)--8/41.7 
10 22.0520 |18.4920 |+ 6) —1.1)—1.7 |40 87 54.26)— 1 29.94/+ 4)— 41/— 8 23.92/+3 
Wal al 25.7337 |1'7.5520 |-+ '78) —1.8|—8.0 |40 32 56.72/+ 3 26.87 |+ 13/— 69/+ 6 23.09/+-3 
2 18.3197 {24.8280 |+ 60) + .6|-+1.1 40 33 38.538)/+ 2 44.56 /+ 11/4 24/+ 5 23.49)/-3 
3 14.2413 |30.6213 |-+234| —2.4| —1.9 |40 48 18.47;/— 6 54.85 |— 5/\— 65|/—13 23.29|+38/39.9 
4 17.6960 |23.6983 |+ 24)| — .6/— .9 |40 38 51.77/+ 2 31.69 |+ 10\— 21/4 4 23.39/38 
5 17.9867 |23.'7047 |-+- 29) —1.9|—2.4 |40 88 48.54/— 2 2452/4 3/\— 63/— 5 23.37|-++3 
6 32.2890'" |11.2560% |-+ 11) —1.6]—1.9 |40 27 31.22/+ 8 51.34 |+1.05|\— 52/419 23.28/--2 
7 19.3573 |22.0983 |-+ 13) —2.2 | —2.6 40 37 32.69,—1 9.27/+ 4|\— 71/— 2 22.73|-+2139.2 
8 28.7650 |12.2357 |-- 49} —3.4|—3.4 |40 48 21.84/— 6 57.66 |—  5|/—1.02/—13 22.98|--2/39.4 
9 11.6193% |31.2543% |— 2) —1.2]—2.1 |40 28 6.51/-+ 8 15.99 |41.02\— 47/-+15 23.20/--2 
10 17.2973 |22.9643 |-+ 4|/—1.0]— .7|40 33 59.33/+ 2 23.17 |+ 10/\— 26/4 4 22.38|-+-2/38.6 
unt 27.8617 |15.4893 |--120) —1.6|—1.3 |40 31 853/-+ 5 14.10|+ 16/— 44/+10 22.45|-++-1/38.4 
12 9.9917 |31.8180 |-+- 84) —1.9 | —2.6 |40 27 24.67)+ 8 58.93 | 23|— 66/+-18 23 35|/-++1 
IX 7 D /81.2107 | '7.'7600% |— 11| — .9| —1.2 |40 46 17.47/— 9 52.38 \— 92/— 31\—17 23.69|—8/34.6 
Ore a 13.0340 |25.27138 |— 62] — .6|— .9 |40 41 32.17;,—5 8.97|— 3/— 21/— 9 22.87|—8)33.9 
2 8.8367 129.2908!" |— 0) —2.0] —3.0 |40 27 47.09|+- 8 36.69 |41.04/— '73/+17 24.26|—8/34.0 
3 19.6233 (22.6280 |+ 19) + .5}/— .2 /40 85 7.05)+ 115.96 |+ 8-4 6 2 23.1'7/—9 
4 12.4800% |28.0383 |— 7 +1.0]-+ .1 /40 29 48.42)/+ 6 33.01 |+ 99/4 18/411 22.71/99 
Mar. 5 28.9247i" | 8.2390% |— 6) —2.0} —3.1 |40 45 8.10/— 8 42.56 |— 85\— '74\—20 23.'75|—8/34.1 
16 |VI 1| D |14.8447 (28.0047 |— 52] +1.2}-+ .6 |40 32 56.92/+ 3 26.02 |+ 13/+ 28/+ 6 23.41|+3/28.0 
2 23.9423 {17.4557 |-+ 26 0| + .5 40 33 38.75|+ 2 48.94 /+ 11/+ 6/4 5 22.91|-+8 
3 29.1750 |12.7480 |-+ 93) — .6]-+ .1 |40 43 18.71/— 6 55.35 |— 5j— 8|—13 23.10|/-++-3)28.3 
4 21.9350 |15.9703 |— 36} +2.2|+1.9 /40 33 52.07/+ 2 30.60 |+ 10/+ 62/4 4 23.43)-+-8 
6 10,0920% |31.0797" |-- 4| + .9|-+ .5 |40 27 31.53) 8 50.22 |4+1.05)4 22/419 28.21|+-2/27.7 
9 80.8523'" |10.'7953% 0} +2.5 | +3.9 }40 28 . 6.92/-+ 8 14.06 |+1.02/-+ 93/415 23.08|-+-2|27.7 
Var. 10 22.2570 (16.6390 |— 19] +2.'7|-+38.4 |40 33 59.76/+ 2 21.88 |4+ 10)+ 90+ 4 22.68|/-+-2/27.6 
17 |X 2] R |80.'7600*" |10.3993% 0) + .9}+1.2 |40 27 47.388)4+ 8 34.38 |+1.04/-+ 31/417 23.28|—8|27.0 
3 21.9487 |18.9827 |+ 8) 4+1.8/+2.3 |40 35 7.34)-+ 114.95 |- 8/+ 60|/+ 2 22.99|—8 
4 26.5750 |10.9973% | 32] —2.2 | —1.9 |40 29 48.69)+ 6 33.62 |+ 99|— 62/411 22.'79|—9 
5 10.8650* |31.6220%" |-+ 5 0} -+1.6 |40 45 8.28|— 8 44.40 |— 85/+ 20/—20 23.03|—7 
6 18.8243 /23.4907 |+ 33) + .9 0 40 34 25.43/+ 1 57.98 |+ 10/4 15/4 4 23.'70|—8]27.0 
4 26.6883 |15.1783 |-+ 61) + .4|-+ .4 |40 31 33.81/+ 4 49.67 |+ 14/4 12/4 8 23.382|/—9 
8 10.6507 |29.6780 |— 15 0|-+ .8|40 44 39.44,— 8 15.80|— 8]+ 10/—15 23.51|—9 
9 12.8397 |30.2703 |-+-156] +1.4|-+1.5 |40 43 48.41/— 7 20.75 |— 5/-+ 43/—13 22.91/—9 
10 32.5117" | 8.4960! |-- 12) + .3 0 |40 46 31.18;—10 6.74|— 92/+ 5|—17 23.35|—9/26.4 
Mar. |XI 1 29.8580 |14.2937 |+189] — .3|— .2 |40 42 57.09/— 6 33.67 /— 1/— ‘7-14 23.20|—8]26.4 
18 |VI 1| D (14.9480 |23.0873 |— 47) + .8/+2.0 |40 32 56.97/4+ 3 25.50 |-+ 13/4 39)/4 6 23.05|-+3}35.5 
2 23.1453 |16.6783 |— 3] +2.4|-+1.4 |40 33 38.83) 2 48.87 |+ 11/4+ 59/4 5 22.95|-+3 
3 12.4300 |28.8700 |+ 63) — .5/-+ .8 40 43 18.80/\— 6 55.47|— 5/4 2/—18 23.17/38 
4| 116.9543 [22.9070 |— 3]/-+ .7| + .8 |40 33 52.20/+ 2 80.87 |4+ 10/4 22/4 4 22.93|+3/34.4 
5 17.5140 /23.3120 |-+ 18] + .9}/-+ .9 |40 38 49.00/— 2 26.50 +  3/+ 27/— 5 22.75/38 
6 29.0188'" | 8.0480 |— 9) + .8)/-+ .4 [40 27 31.68) 8 49.60 |41.05/4 10/419 22.62/--2 
“| 118.5097 (21.2970 |— 21+ .1|+1.8 |40 387 38.24, 110.41/+ 4/4 24|— 2 23.09/13 
8 30.0120 |13.4853 |+-169) + .4|-+1.2 |40 48 22.43/— 6 59.19 |— 5/4 22)—13 28. 28|--2/382.5 
9} {11.1673 |80.7207%" 0) +1.6/-+8.0 |40 28 7.14/+ 8 13.96 |41.02/+ 66!+-15 22.93/+2 
10 17.1277 22.7588 |— 2] +2.8)+2.6 |40 34 0,01/-+ 2 22.23 /+ 10/4 72/4 4 23.10|-+--2/32.0 
11] [26.5400 [14.1423 |-+ 24 O|-+ .4/40 31 9.22/+ 5 18.25 |+ 16/+ 5/410 22.78) +-2/31.9 
12 10.1683 |81.4440 |-+-101) —2.0 | —2.4 |40 27 25.41/+ 8 57.72 |+ 23)— 65)+-18 22.89/+-1 
VII 1} |32.3903 17.9538 |+-442| +1.3/-+1.9 |40 30 16.48/+ 6 5.82 /4 18/4 46/712 23.06/-+1 
2 16.7180 /|25.6680 |-+ 64) + .4|+1.6 |40 40 9.01)/— 3 46.26 Oj-+ 27\— 7 22:95|4-1 
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Levels Corrections 
1893 | Pair | P Micrometer C v% (6 + 8’) Latitude A | Ther. 
A B Micrometer n) 1 r 
Mar. ©. i at Omar et 
18 |VIL3 22.1717 |19.1243 |+ 12)+ .8)+ .9 /40 35 5.538)4+ 117.02 /+ 8+ 25/+ 2/40 36 22.90)+1/30.6 
5 29.6657 {12.2910 |+100] +1.4 | +2.6 40 29 2.63)\4+ 719.17 + 28/4 57/+138 22.73) 0 
6 28.7360 |14.4277 |+134)-+1.5 |+ .9 |40 42 24.05— 6 1.79 |— 9/4 87/10 22.44 0 
7 25.8000 |13.9420 |— 9) 42,3 }+2.1 |40 41 21.64 4 59.54|— 6+ 66/— 8 22.62) 0/29.2 
8 19.4183 (21.7807 |+ 8)— .1 0 40 87 22.56-- 59.70 + 3— 1/— 2 22.86/—1/28.9 
9 26.8167 (14.3087 |4 41) +4-1.6 |+2.0 |40 31 5.62)4 5 16.08 |+ 22/4 53/412 22.57/—1 
10 19.1637 (20.0873 |— 3)/+1.7)+2.3 /40 36 44.45— 2206/4 5/4 58\— 1 23.01/—1/28.9 
X 2] D |10.2887% |80.6587%" 0} — .2}+1.3 |40 27 47.50/+ 8 34.62 |+1.10/+ 18/+17 23.52|/—8)/26.3 
3 18.4167 (21.4198 — 2)+ 4/4 .1 40 85 7.47/,1115.85/+ 9-4 £8i+ 2 23.51/—8 
4 12.5483 )28.0977" |— 9) + .6|-+ .4 /40 29 48.81/+ 6 32.94 41.04)/+ 15]-+-11 23.05|—9 
a) 30.8693%7 |10.13847#% |+ 1 0 0/40 45 8.387\— 8 43.83 |— 92 0|—20 23.42)—7 
6 21.3637 16.7063 |— 27) — .8 | — .8 |40 34 25.52/+ 1 57.60 /+ 12/— 24/4 4 23.04/—8/25.9 
4 18.6780 (30.0937 (+296) +1.2|-+ .5 |40 31 33.39)+ 4 49.14 |+ 18/+ 27/+ 8 23.06) —9/|25.6 
9 28.7780 {11.3620 j+ 74+ .2|+ .2 |40 43 48.46)\— 7 20.00 |— 11/+ 6/—18 23.28/—9 
10 7.43074 |31.4150%” |— 15] —4.1 | —4.0 |40 46 31.17/10 5.89 |—1.00/—1.21/—17 22.90|—9/24.4 
Mar. |XI 1 13.3967 |28.9520 |+107)— .7 | —1.1 |40 42 57.11/— 6 33.25 \— 6/— 26/—14 23.40/—8/24.5 
21 |VI 1| D |12.7623 (20.9617 |—153) —1.0 | —1.7 |40 32 56.93/+ 8 26.73 |+ 16|\— 39/+ 6 23.49|+-3/44.4a 
2 23.5910 |17.08383 |+ 13) — .8)— .5 |40 33 38.83)+ 2 44.42 |4 18)— 20/4 5 23.23/-+3 
3 27.0720 |10.6097 |—1138 0|-+ .8 |40 43 18.80\— 6 55.55 |— 10/+ 10)—138 23.12)-+8/44.0 
4 28.0603 17.0923 |+ 2]/— .2}— .9 |40 33 52.27) 2 30.75 |+ 12/\— 15/4 4 23.03|-+3)/44.0 
Mar. 5 21.9853 16.2020 |— 81/+ .7/-+ .8 /40 38 49.C08i— 2 26.01 /+ 1/+ 16 5 23.19) +3/43.4 
27 {VI 2) D [24.4967 |17.9857 |+ 49) — .9 | —1.0 |40 33 38.91/-+ 2 44.60 |4+ 13|\— 27/4 4 23.41|+3 
4 21.4170 |15.4833 |— 57) 1.3 | —2.0 /40 33 52.47/+ 2 81.01 /+ 12/— 46/4 4 23.18)-++3/40.2 
oe) 23.3803 |17.5667 |-+- 15|—1.9 | —2.7 |40 88 49.82/|— 2 25.63 /+ 1/— 64/— 5 23.01/-+3 
6 9.74274 30.7300 |— 3) —1.6 | —1.7 |40 27 32.01/-+ 8 50.16 |+1.12\— 47/419 23.01/-++3 
7 21.7447 18.9753 |+ 6) —1.6 | —2.4 |40 37 33.72, 1 9.97/+ 38\— 56l— 2 23.20/+3 
8 11.2663 |27.8787 |— 42) —1.0 | —2.2 |40 48 22.96/— 6 59.54 |— 10\— 44/|—13 22.75|+-3/38.6 
9 29.4780 | 9.92804 |— 00) — .5 | —1.1 /40 28 7.75/+ 8 13.73 |+1.09,— 22/4-15 22.50/-+-3 
10 23.3143 17.6467 |+ 15] —3.2 | —8.1 |40 34 0.78/+ 2 23.21 |+ 12/— 90/4 4 23.20)-+-2/38.1 
11 13.9233 26.8200 |+ 7%/— .8/—1.0 /40 31 9.94/+ 5 18.17 /+ 20/— 25/10 23.16|-++-2/38.2 
12 30.6153 | 9.4080 0) + .1|-+1.0 |40 27 26.21/+ 8 55.72 |+ 30/4 14/117 22.54/+-2 
Wilda 11.5883 |26.0280 |—105|— .6|— .8 |40 30 17.294 6 5.63 |+ 28\— 20/412 23.07|-+2 
2 24.0440 /15.07380 |— 24/— 1/4 .1 |40 40 9.69\— 8 46.55 |— 3 O\— 7 23.04/+2/37.9 
3 19.2937 [22.8127 |+ 14/+1.3/+1.5 40 35 6.53/4+ 116.29/+ 9/4 40/4 2 23.33|-+-2/37.5 
4 15.0590 (24.0423 |— 24/4 .3/— .2/40 40 9.94, 3 46.86 /+ 2 + 2)—8 23.04/-++-1 
5 12.7843 /30.1117 |+145|—1.0 | —1.6 |40 29 3.'79/+ 7 19.83 |+ 28\— 36/418 23.12|/+-1 
6 13.3923 |27.7440 |+ 49) +1.2|-+1.9 |40 42 25.271 6 2.66/— 9 + 43/—10 22.85|/-++-1 
7 13.0550 24.9710 |— 70) +1.7 | +2.1 |40 41 22.94, 5 0.84/— 7 + 54\— 8 22 49/+1/36.7 
8 22.1000 {19.6880 |+ 12)/+ .8 0 /40 37 23.90)/-- 1 1.08/+ 2/4 5\— 2 22.87/ 0 
9) * |11.6907 |24.21838 |—151/— .4/— .3|40 81 6.81/+ 5 16.08/+ 22\— 10 +12 23.18] 0/36.2 
10 22.8017 (21.8937 |+ 15|/+ .7|+ .5 /40 86 45.81\— 2297/4 5 + 18\—1 23.06) 0/35.6 
X 6) R {18.1933 |22.8098 |+ 14 0) -+ .1 |40 34 26.28/+ 1 56.64/+ 12)+ Q/+ 4 23.10/—8/32.2 
7 26.6067 |15.1850 |+ 61}/— .2|— .8 |40 81 84.11/+ 4 48.69 /+ 1s 7 + 9 23.00/—9/31.7 
8 11.4257 |31.0917 |+145) + .2|+41.8 |40 44 40.16,— 8 17.17|— 15 + 20)—15 22.89|—8 
9 11.8483 |29.38157 |+ 59)/+ .9|+41.5 |40 43 44.04|— 7 21.49/— 11 + 34\—13 22.72) —9 
10 33.1717" | 9.1843 |4 28) +-1.6 | +1.3 |40 46 31.66/10 7.31 —1.00/4+ 42/—18 23.59) —9/31.5 
XT al 29.7083 | 14.1197 |+173|— .6 | —1.3 |40 42 57.48\— 6 34.24 |—  6|— 26/14 22.'73/—8/30.80 
Mar. 2 10.6447 /34,7193%" |4 64| 12.8 | +2.5 |40 46 31.36/10 8.34/|— 95 + %76/—23 22.60|/—8/30.6 
28 {VI 2) R 17.2440 (23.7128 |+ 17)/+1.5 | +1.4 140 33 38.96 + 2 43.45 |+ 13/4 42/+ 4 23.00/+-3/34.4a@ 
3 12.4860 /28.8963 |+ 65}-++ .7|-+ .9 |40 43 18.97\— 6 55.99 |— 10\+ 22/—13 22.97|+3 a 
4 17.6047 28.5400 |+ 20|+ .6/-+ .8 |40 38 52.54/+ 2 29.98 + 12/4 20\/+ 4 22.88)-+-3/33.6 
5 17.5010 [23.3093 |-+ 13) -+1.1|-+ .9 |49 38 49.39|\— 2 26.76 + 1/+ 29/— 5 22.88|-++3 
6 30.5127" | 9.5893% 0) +8.0 | +-3.6 |40 27 32.09/+ 8 48.57 |+1.12/+ 93)+19 22.90|/+3 
7 (18.8843 21.2270 |— 4] +3.0]+8.1|40 37 33.80\— 1 11.81 |4+ 3l4+ s6|— 2 22.86/13 
8 28.7493 [12.1027 |+ 41] +2.3|+2.6 |40 43 23.06— 7 0.638/— 11 + %0\—13 22,.89!+-3|382.2 
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Levels Corrections. 
1898 | Pair| P Micrometer 6} | a | PAG | Latitude A | Ther. 
A B Micrometer 6 1 r 
Mar. ; ef VW oy WW 
28 |VI 9 10.9057 |30.4727i" 0| —2.1 | —4.2 /40 28 7.86) -+ 8 14.31 |4+1.09— 86/+-15 /40 86 22.55/+-3 
11 26.9287 |14.5750 /+ 55|— .4/-+ .8 /40 81 10.07) + 5 12.22 20) 4\+10 22.63/-+2/81.7 
12 10.4860 31.6947 |+136|— .2 |— .2 |40 27 26.35)-+ 8 56.12/4+ 30\— 6/417 22.88|-+-2/31.0 
VII1 29.1583 |14.73938 |+165|) +1.4 | +2.0 |40 30 17.42) 6 4.54 /4+ 23)+ 48/+12 22.79|+2/31.6 
2 15.4440 (24.4530 |— 3/+1.2)41.8 |40 40 9.84)— 38 47.58|— 3/+ 42/— 7 22.58|--2 
3 22.0983 |19.1050 |+ 10)/+1.8|+1.7 |40 85 6.68/+ 1 15.65/4+ 9/+ 50/+ 2 22.94|-+-2 
4 26.5877 |17.5987 |+111)-+1.7 | +1.9 |40 40 10.08} — 8 47.86|+ 2/4 51/— 8 23.17|-++1/31.6 
5 28.4000 /11.0507 |— 28)+ .3]-+1.5 /40 29 3.96/+ 7 18.21 |+ 238/+ 24/413 22.77|-+1 
6 27.9433 138.5910 |+ 66) -+1.7 | +2.1 |40 42 25.45,— 6 2.73|— 9/+ 54/—10 23.07/-+1 
7 26.0818 (14.2127 |+ 9|—1.4 | —1.2 |40 41 23.11;— 4 59.85/— 6/\— 38/\— 8 22.74/-+-1 
8 19.4710 (21.9060 |+ 9]/+1.7 | +2.3 |40 37 24.09;—1 1.54/+ 2/4 56\— 2 23.11] 0/29.6 
9 27.5290 15.0490 |-++ 95] 1.2 |— .6 |40 81 6.98)/+ 5 15.51 /+ 22/— 26/412 22.57) 0 
10 19.6797 (20.5950 0| —1.4 | —1.4 |40 36 45.99) — 23.12|+ 5/— 40/\—1 22.51| 0/29.9 
X 6} D |21.23877 |16.6840 |— 31/+ .7|+ .8 |40 34 26 85/+ 1 56.23/4+ 12/4 21/4+ 4 22.95|—8)/25.4 
uf 14.6687 26.0840 |+ 27|/+1.0|)-+ .7 |40 31 34.20)-++ 4 48.46/+ 18/+ 25|+ 9 23.18)/—9 
8 29.2348 | 9.5520 |— 71/— .7|-+ .1 /40 44 40.23) — 8 17.06 |— 15/— 10|—15 22.77/—8 
9 27.9220 (10.4637 |— 85)/+1.4/}-+1.1 /40 48 44.09) — 7 20.84/— 11/+ 36/—13 23.37|—9 
10 7.77904 131.8500 |— 4) + .1)-+ .5 40 46 31.69} 10 8.11/—1.00/\+ 8|—18 22.48), —9/24.8 
XI 1) 10.8140 |26.4750 |—126) +2.8 | 12.4 |40 42 57.45)— 6 35.33/— 6-4 '74/—10 22.'70|—8|24.5 
2 30.4447" | 6.4053 |— 38] +1.5 | — .4 40 46 31.38; —10 7.22/— 95\+ 19|—11 23.29/—8 
Mar. 3 32.5147" | 6.8353! |— 12] —3.0 | —8.2 |40 25 38.34) +10 48.72 |+1.12\— 88/+18 22.48/—9)/24.4a 
29 |VI 2| D [23.6147 |1'7.1027 |+ 13) —1.0 |— .8 |40 33 39.00) + 2 44.53/+ 13)— 20\+ 4 23.50/-+-3)38.9a 
3 28.3058 |11.8753 |+ 9/— .6|—1.6 40 48 19.02|— 6 55.07|\— 10\— 30\—13 23.42/38 a 
4 23.6710 {17.6970 |-- 24/—2.0 | —2.8 |40 33 52.61) + 2 30.97|+ 12\— 68/4 4 23.06|-+-3/37.9 
5 21.3797 |15.5850 |— 52/+ .5)— .1 /40 88 49.46) — 2 26.25/4+ 1/+ 6|—5 23.23|-13/37.5 
6 8.69374 |29.6623i" |— 4) —1.0 | —1.2 |40 27 82.17|-++ 8 49.69)+1.12;— 31/+19 22.86|+3)/37.1 
it 21.3360 |18.5330 |— 2}/—1.0|— .8 |40 87 33.89) — 1 10.80/+  3\— 20|\— 2 22.90|-+--3/386.7 
8 11.6307 |28.2380 |— 7) —2.7 | —2.7 |40 43 23.16/— 6 59.51 |— 10/\— ‘77|—13 22.65)-+3/36.2 
i) 29.7680" |10.2157% 0} + .1}/— .3 /40 27 7.97) + 8 13.92 /+1.09,—  2)+15 23.11/-+3/386.1 
10 21.5077 |15.8860 |— 44| —3.0 | —3.6 /40 34 0.97/+ 2 23.15 /4 12\— 93/+ 4 23.35|+8/35.6 
11 13.5190 |25.9303 |— 22)—1.7 | —3.5 |40 31 10.19/4 5 13.47/+. 20\— ‘71/+-10 23.25|-+2 
12 30.5838 | 9.3620 |— 4|/— .7 | —1.5 |40 27 26.49)-+ 8 56.07/+ 30\— 30/417 22.'73/12/34.4 
Waural 18.6290 [28.0948 |+ 73)— .7|—1.3 /40 30 17.57) 6 5.59/+ 23\— 28/12 23.23/-+2 
2 24.4860 |15.5193 |-+ 1/—1.1 |—2.6 |40 40 10.48|— 3 46.52|— 3/— 50/\— 7 23.36)-+-2 
3 18.1113 “|21.1547 |— %7)—1.5}—1.4 40 55 6.85/+ 116.87|/+ 9)— 42/4 2 23.41|-+2 
4 14,8383 |23.8090 |— 36) —2.9 | -3.4 |40 40 10.22) — 3 46.53/+ 2\— 89/|— 8 22.'74/-1/83.9 
5 11.0563 |28.4340 |— 25/+ .1]/— .7|40 29 414)+ 7 18.92|4 23\— 8)/+138 23.34)/+-1 
6 12,3207 |26.6853 |— 42/-+ .2|-+ .2 40 42 25.64,—6 2.76|— 9+ 6/—10 22.75|--1 
"| |14.9857 (26.1757 |+ 16/+ .7)/+ .4 [40 41 23.31,—5 0.40\— 7+ 16— 8 29.99|+1132.7 
8 21.6757 /19.2763 |+ 7|—1.7 | —2.3 |40 87 24.29) — 1 0.68|+ 2)— 56\— 2 23.10/+-1 
9 13.1687 |25.6993 |— 42} —1.9 | 2.2 /40 31 7.16)+ 5 16.43|4+ 22\— 58/+-12 23.35} 0/32.0 
10 20.9560 |20.0527 |+ 3) —2.2 |—2.8 /40 36 46.21;—  22.82/4 5 70\—1 22.73) 0)/32.0 
X 6/R 118.9717 [23.6403 |-+ 36) —4.8 | —5.1 |40 34 26.45) 4+ 1 58.03 |+- 12/—1.41/+ 4 23.23|—8/28.4 
7 25.0830 13.6510 |— 42)/— .8|/— .5 /40 31 33.46/+ 4 48.69/+ 18'— 12/4 9 22.30/—8/28.4 
9 11.7090 29.1400 |+ 42;/— .8 0 |40 48 44.17) — 7 20.46|— 11 — 12/—13 23.35|/—8 
10 32,4283!" | 8.89932 |4- 10}; — .5 | — .8 |40 46 31.75;—10 7.06 |—1.00\— 18 —18 23. 33/—9/28.0 
SXTiae 29.6497 [14.0797 |+171]/— .4/-+ .8 |40 42 57.49)— 6 33.78|—  6\— 1\—14 23.50|—8 
2 9.897% |83.9103! |4+- 47/—1.0 | —1.0 /40 46 31.39/—10 6.76 — 95\— 28/—23 23.17|—8)28.0 
Apr. 3 6.8993 132.5763!" |— 8] —1.3 | —1.8 |40 26 33.35} +10 48.65 /+1.14/— 43)+-18 22.89)—9|27.9 
2 IVI 6/ R [31.9250 |10.9870% |-+ 8) +1.2 | +1.6 |40 27 32.33) + 8 48.91 |+1.12)-+ 39/419 22.94/1.3/49.8 
We 19.1510 |21.9447 [+ 9)/— .9!—1.4 [40 87 34.12; — 1 10.59/+  3/— 32/2 23.22)/-+-3/48.3 
8 28.7077 12.0790 |-+ 38) 41.2 |-+ .4140 43 23.43) — 7 0.13 |— 11/4 24;—13 23.30|+-3)/46.7 
uy) 10.6883% |80.1990*" 0 0 |-= .2 140 28 8.29/-+ 8 12.88/+1.09|\—  2/+-15 22.34|1-3/45.8 
10 17.7333 |23.29538 |-+ 16|+3.7|-+3.8 |40 34 1.35) -++ 2 20.53 |+- 12/+1.07/+ 4 23.11/-+-3)/45.0 
11 26.6340 |14.3080 |-+ 32/-+ .4/+1.4 |40 30 10.58) 5 11.43/4+ 20/+ 24|+-10 22.55|13/44.9 
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Levels Corrections 
1898 | Pair | P Micrometer (6 (8 + 6) ‘ Latitude A | Ther. 
A B Micrometer 6 1 r 
Apr, ely) 11 OW a 
2 /V1I12) R |10.8947 [81.5660 |+123) +1.1 | +1.6 |40 27 26.92/+ 8 55.09 |4+ 380/+ 388/417 |40 36 22.86)+2/43.9 
AAU AE 28.9157 14.4910 |+145)— .3 | — .3 |40 30 18.02)+ 6 4.73 |+ 23/— 9/412 23.01|+-2 
2 16.6147 (25.6417 59 .8 |-+1.2 40 40 10.538|\— 8 48.17 |— 4/4 28/— 7 22.53/+-2 
3 21.8100 |18.8107 |+ 6)/—1.5|— .8 |40 35 7.41/+ 115.78 |4+ 9/— 34/4 2 22.96|/4-2)48.7 
4) 25.7553 |16.7373 |+ 66|+1.4|+41.3 |40 40 10.75|— 3 47.96 |4+ 2/4 39\— 8 23,12|-+2 
5 29.0607 |11.7183 |-+ 38)— .8)— .5 /40 29 4.79/41 7 18.16 |+ 23/— 19/418 23.12/+-2 
6 27.2020 |12.'7930 0} +1.6 | +2.5 |40 42 26.33)— 6 3.97|— 9|+ 57/—10 22.74) 1242.6 
i 25.7743 13.8213 |— 15) +1.9}+1.5 |40 41 24.05, 5 1.89|— 7+ 49| 8 22.50/-+-1/42.4 
8 20.9037 23.3548 |-+ 382|/— .6|/+ .5 140 37 25.06, 1 1.98 /+ 2/\— 3 2 23.05|+-1 
8) 26.9260 14.4497 |4+ 49)— .2|— .6 [40 381 7.89)+ 5 15.27 |+ 22 10/412 23.40/+-1 
Apr. 10 20.8080 21.2257 |4+ 3) —2.4|—2.1 |40 36 47.01,— 23.19 /+ 5/\— 64/—1 23.22) 0)41.0 
4 /V1I10| D /22.5890 |16.9793 |— 6/+ .8/-+ .4|40 34 1,44)+ 2 21.66 + 12/+ 10)/-+ 4 23.36)/-+38)65.0 
11 13.1983 |25.5533 |— 45) +2.3|-+ .2 |40 31 10.68)/+ 5 12.14 |4 20/4 39/410 23.51/+-3)/64.2 
12 30.9990 | 9.80638 |+ 50) — .8 | —1.4 |40 27 27.06 8 55.38 |+ 30)— 30/117 22.61|/+-2/64.2 
VIL3 16.9900 |19,99538 |— 27)/41.0}+ .2|40 385 7.60) 115.83 /+ 9/4 18/4 2 23.72|+2)62.5 
4 13.2367 |22.2720 |—119| —1.0|— .5 |40 40 10.91/— 3 47.90 /+ 2)— 22/— 8 22.73/12 
5 9.9990 27.8330 |—135|+ .8/+ .1|40 29 5.014 717.454 23/4 61418 22.88|-+-2/61.6 
X 7%] D /12.8403 /24.2350 |— 98) —1.2 | —2.2 /40 31 35,27/+ 4 47.58 + 18\— 46+ 9 22.66|—8|47.6 
8 28.3890 | 8.6793 |—169| —1.9 | —2.6 |40 44 41.22iI— 8 17.43 |— 15|— 63/—15 22.86|—8)47.3 
9 28.6300 {111850 |— 10) —1.8 | —2.7 |40 48 45.01\— 7 20.63 |— 11/— 62/—13 23.52)—8 
10 7.0413" |31,1433%" |— 23) +1.4]-+1.0 |40 46 32.52/10 8.75 |—1.00/+ 35/—18 22.94|—9|46.2 
GE a 13.4543 (29.1017 |+117) +1.2 | +1.0 /40 42 58.18\— 6 35.54/— 6 + 82/—14 22.71/—8 
2 31.6647" | 7.5887 |— 9 0)-+ .2 |40 46 31.91/10 8.13 /— 95/1 2/23 22.62/—8 
3 31.6863" | 6.0790% |— 36] + .4 | +1.2 [40 25 33.87/+10 46.75 +1.14)/-+ 22/118 22.16/—9|45.1 
4 31.8627" | 6.40974 |— 28] — .8 0 40 25 88.94/+10 42.87 |11.14,— 5/419 23.09)—9 
Apr. ‘i 33.8527 | 0.5550% |—220) —1.7 | — .8 |40 22 20.84/114 054 +1.23/— 37/126 22.50|—9|40.6 
16 /VII1| D {11.6150 26.0217 |—103/+ .6|— .2|40 80 19.10/+ 6 3.64|4+ 2sl4 7/412 23.21|4-8/48.6 
2 23.8663 (14.8340 |— 36) —1.8]—1.1 |40 40 11.95\— 83 48.05 |— 7I— 42\— 7 23.34|13 
3 (7.9687 |20.9298 |— 9/— .8|— .6|40 85 8.82/+ 1 14.76 + 10/\— 20+ 2 23.50|+-8/48.4 
4 14.8690 -|28.4060 |— 58] —2.4 | —3.2 |40 40 12.06|— 3 48.12 /— 2|— 7\— 8 23.06)+3 
5 11.0513 |28.38307 |— 30] + .8 0/40 29 6,50/+ 7 16.89 |+ 29\+ 5/418 23.36/13 
6 13.2153 (27.6683 {+ 38] —1.0 | —2.1 |40 42 28.19, 6 5.16\|— 14\— 42/—10 22.37/1-3/48.2 
fh 13.8350 |25.8057 |— 14) —1.8 | —1.0 |40 41 26.11. 5 2.38/— 11/— 41/— 8 23.18)+-3 
8 20.8513 |18.8187 I— 6 0} — .9 140 37 27.22,— 1 3.96\+ Qi 12) 9 23.14/+-2/48.1 
S 13.0857 |25.4433 |— 55) -+ .7 0 40 31 9.88)4 5 13.26 |+ 26)+ 11/412 23.63)-+-2)/48.3 
10 19.5830 /18.54038 |— 5 0 | —1.2 |40 36 49.31\— 26.383 /+ 5|— 15/— 1 22.87/12 
Apr. |VII 2) 25.5227 [13.2987 |— 48/4 .5/+ .8 /40 31 13.40/14 5 8.78 + 27+ 18)-+-11 22.74/+-1|47.8 
17 |X 7 R /24.6957 |13.4067 |— 63 + .6/-+ .8 40 81 37.55|4 4 45.00 |+ 22/+ 14\ 9 23.00) —7|43.0 
8 9.5677 |29.3697 |— 63) +1.0]-+ .4 |40 44 43.38\— 8 20.04 |— 21 + 21/—15 23.19|—7 
9 11.4977 (29.0417 |+ 27/—2.8 |— .5 |40 43 47.06I— 7 23.23 |— i7\— 611-13 23.02|—7/43.1- 
10 32.5667'" | 8.43537 |+ 13) — .4|—1.7 |40 46 34.48/—10 9.59 |—1.08|— 28/18 23.35|—8 
Xe 29.8470 |14.2003 |+186|— .7 | —2.1 |40 42 59.74,— 6 35.71 |— i2I— 3el—i4 23.39|—7/43.2 
2 9.80204 |33.9060'" | 44/+1.0]-+ .3 |40 46 33.33/10 8.98 —1.03\)+ 20/—23 23.29)—'7/42.6 
3 6.0847" |31.6813 |— 37| — .2|— .7 |40 25 35.38 +10 46.48 |4+1.23|\— 12/418 23.15/—8 
4 7.49804 [32.9333 |+ 5) —1.5 | 3.3 |40 25 40.87 +10 42.51 |4+1.22\— 66/419 23.63/—8 
5 0.91274 |34.2063%" |—191| —1.4 | —4.0 140 22 29.13 +14 0.51 |41.34,— '72/+26 23.51/—8 
6 27.0400 14.9118 |+ 70) —2.1 | —1.5 140 31 16.52)+ 5 6.54 )/+ 24)\— 52/+410- 22.88/—8 
Apr. 7 19.2760 |22.2503 |+ 14) —1.2 | 2.6 140 37 38.73|— 1 15.17 + 2)— 52\— 2 23.04|—9]42.1 
18 |X 17 D 14.2888 /25.5953 |— 4|/—3.5 |—4.8 140 31 37.79\+ 4 45 61 |+ 22/—1.16/+ 9 22.55|—7/43.2 
8 30.0163 |10.2443 |+ 10|/—1.0 | —1.6 |40 44 43.60I— 8 19.47/— 21/36 —15 23.41|—7 
9 27.8867 10,3497 |— 91] —8 0 | —3.8 |40 48 47.28/— 7 22.76|— 171\— ge6l_i3 23.26|/—7|43.2 
10 6.7390" |80 9000% |— 29| — .4 0 |40 46 34.70\—10 10.24 |—1.09/—  6/—18 23.13/—8 
al 10.8250 26.5433 |—123)+ .8/+ .4 1/40 42 59.93|— 6 36.74 |— 12/-+- 10|—14 23.03|—7|42.8 
2 30.0270 5.91878 — 50/+1.6 | + .1 |40 46 33.52/10 8.85 —1.03)+ 27\—23 23.68|—7|42.7 
38 32.1607" | 6.57374 |— 21] —1.5 | —1.6 140 25 35.58 +10 46.28 |+1.23,— 44/118 22.83/—8/42.3 
| 


Levels Corrections 


OBSERVATIONS WITH THE ZENITH TELESCOPE. dol 
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1898 | Pair | P Micrometer Cae PN emu te Aa St: 8") Latitude A | Dher. 
A B Micrometer 6 1 r 
Apr. a a) 1 Or 7 11 
18 |XI 4! D |82.4740'") 7.08438% |— 7 — .2|— .1 /40 25 40.56/410 41.34 /11.22\— 5/419 /40 36 23.26/—8/41.9 
5 38.7367%" | 0.4973% |—227| +1.0 | +1.0 |40 22 22.80/+13 59.06 |+1.33/+ 28/426 23.23)—8/41.5 
Apr. 6 13.4480 /25.58838 |— 34) +1.0]|-- .2 |40 31 16.69\+ 5 6.58 |+ 24/4 18/+10 238.79|—8)/41.2 
23 |XI 2) R| 9.1880# 83.2663" |+- 30) +1.4 | — .7 |40 46 34.24\—10 9.57 |—1.03/+ 14)—238 23.55|—7|40.0 
3 7 37674 182.9147!" | 4) 41.1) + .7 |40 25 36.89/410 45.11 |41.22/+ 26/418 23.16|/—8 
4 7.268381 182.6493 |— 2} — .4| —1.1 |40 25 41.34)+10 41.13 |4+1.22/— 20/+19 23.68|—8 
5 1.88834 35.0980!" 117) + .5/-+ .5 |40 22 23.04/+13 58.60 |+1.34/4+ 14/+26 23.88|—8/41.0 
6 26.7877 (14.6753 |+ 54/—8.8 | —2.7 |40 31 17.39/+ 5 6.10 |+ 24\— 94/+10 22.89/—8 
4 Apr. “i! 18.0780 (21.1077 |— 7—1.4|— .7 |40 37 39.60\— 1 16.51 |+ 2|— 382\— 2 22.7'7|—8/40.4 
: 94 |VII38| RB [21.1088 [18.1940 |— 6/+ .8|+ .9|40 85 9.26/+ 1 18.60|+ 10/+ 24/+ 2 23,29|-++8/51.4 
4 24,2553 |15.1580 |— 15|+1.0/+1.3 |40 40 12.43/— 3 49.75 |— 2/-+ 382)— 8 22.90)-+-3|50.6 
; 5 26.8700 | 9.6177 |—179|— .4)/— .7|/40 29 7.11)+ 7 15.838 /+ 29/— 16/413 22.'70|/-+-4 
6 27.5383 |18.0893 |-+ 25)/-+1.4|+1.4 |40 42 28.89\— 6 6.17 |— 14/+ 40)|—10 22.88|-++3/49.8 
; Ui 25.3900 |18.3610 |— 45 0|— .8/40 41 26.92\—5 3.73 \/— 11/— 4/— 8 22.96|-+3/49.6 
| 8 18.7850 (21.3710 |+ 2]/— .4|—1.2 /40 37 28.09, 1 5.383 /+ 1/— 22)/—.2 22.53/-++38 
9 27.0090 (14.6690 |+ 61 0|— .7 |40 81 10.69|/-+ 5 11.85 26|— 9/+12 22.83)-++3 
: 10 20.2883 /21.87387 |+ 5/— .1|— .2/40 36 50.29\— 27.48|/+ 5'— 4/—1 22.86/-+38 
VIII 4 22.6843 |19.4083 |+ 20)+1.3|-+ .2|40 387 45.47\— 1 22.80/+ 1/4+ 23)— 2 22.89|-+2/48.8 
. 2 15.0950 (27.2827 |+ 87/+ .8|— .3:/40 81 1437/4 5 8.07/+ 27+ 8)/+11 22.90|-+2)48.4 
( 3 14.5170 26.8457 |-+ 49/—1.0|— .4/40 41 34.90)— 5 11.53 |— 11/— 21} 9 22.96|-+-2 a 
4 14.5590 |22.9180 |— 63)/+ .7/-+ .8 40 82 51.67/+ 3 30.98 /+ 17/+ 15/+ 6 23.08|-+-2)47.6 
5 31.6150'7 |11.8770% |— 4] —2.0 | —1.8 |40 28 3.52/-+ 8 18.56 |11.16/— 54/+17 22.87|/+1 
6 19.6318 /22.6663 |-- 20)/—1.7 |— .6 |40 37 89.94, 116.71 |4+ 3/— 34/— 3 22.89|+1 
% 11.0533% |26.9970%" |+ 23/-+ .6 |— .2 |40 29 38.64/+ 6 42.78 |+1.09/4+  7+11 22.69|+1/46.8 
8 21.1203 (20.8557 [+ 3/— .9|/— .6/40 36 3.10/+ 19.82|4+ 11;— 22)/+ 1 22.32|-+1 
: 9 27.9647 |14.1697 i+ 88} —2.3 | —2.0 |40 30 34.15|/+ 5 48.67 |+ 27/— 62)+11 22.58} 0 
| 10 5.4050 |83.1010i |= 35) +2.2 | +1.1 |40 48 2.84|/—11 39.48 |—1.11/+ 49)—24 9250} 0/46.4 
Apr.| 11) _ {28.6180 [18.2687 |+ 86/+1.0|+ .2 /40 42 50.97|— 6 27.93 |— 16|+ 18\—11 22.95] 0/46.0 
95 |VII6| D |12.2883 |26.7958 |— 39|/+1.0|-+ .5 |40 42 29.02\— 6 6.46 |— 14/+ 22/10 22.54/+4/48.3 
: 7 13.4590 25.5140 |— 87) +-1.7 | +2.2 |40 41 27.06, 5 4.40/— 11/4+ 54-— 8 23.01/-+3/48.2 
XI 2] D /30.4190% | 6.2177 |— 42) +1.8 | +2.2 |40 46 34.50\—10 11.24 |—1.04/4 56/—28 22.55|/—6/41.0 
3 82.4163!" | 6.8907% |— 11] —2.0 | —1.2 |40 25 36.69/+10 44.77 |+1.22/— 47/418 22.39|—8/40.6 
4 31.4093!" | 6.05074 |— 40) + .2|— .2 /40 25 41.63/10 40.48 |--1.22 0)-+19 23.52|—8 
5 34.4307iv.] 1.21472 |—1'70] —2.9 | —2.2 |40 22 23.81/118 58.64 |+1.34,— 74/426 22.81/—8/39.6 
6 12.6103 (24.6767 |— 97) + .1 0/40 31 17.64/+ 5 4.56/+ 24/+ 2/-+10 22.56/—8 
qi 92.7738 (19.7330 |+ 23|— 5|— .7 |40 87 39.84, 1 16.86 |+ 2/— 17\— 2 22.81/—8 
8 20.2813 [21.1758 |+ 3/+ 3|-+ .4 (40 36 46.37/,— 23.85 |+ 5)+ 10|\— 1 22.66/—8 
I 1|_ |23.9343 (16.5357 |+ 6/+1.2|+ .9 40 33 17.88/+ 3 4.39|/+ 16/+ 30/4 5 22.28 —8|38. 2a 
Apr. 2 25.8817 [12.8440 |— 50/— .1|+ .3 /40 41 52.33/— 5 29.21 |— 12/4 2/—10 22.92/—8/38.0 
98 |VII4| D 14.7163 |23.8650 |— 39) +3.2 | +4.2 |40 40 12.77/\— 3 50.97 |— = 2) + 1.04,— 9 22.73)+3/61.1 
6| (13.2770 [30.4750 |+199/-+ .4|-+ .2/40 29 7.56/4+ 7 14.86/+ 29+ 9/412 22.92|+-4|60.4 
6 12.0068 |26.5483 |— 62/-+1.7|-+1.8 |40 42 29.40, 6 7.14/-— 14+ 50 —10 22.52)-+-4 
q 13.4487 |25.5810 |— 36) +1.6|-+ .9 |40 41 27.48|\— 5 5.07 |— iti 37\— 8 22.59|+3]59.9 
8| (20.9240 |18.2960 |— 6|-+1.9|+1.4 |40 37 28.69 1 6.36/41 24+ 48\— 2 22,81|-1-4|59.4 
9 14.7930 {27.1147 |-+ 69/4 .8|— .4 /40 31 11.26/+ 5 11.89 /4 26 0\+-12 23.03)-++3 
10 19.8907 |18.'7520 |— 4] +2.5|+-1.4 |40 36 50.95\— 28.75 |4+ 4/4 58\— 1 22.81/38 
VIII 1 17.3537 |20.6773 |— 20 2 7 |-+ .8 |40 87 46.17/— 1 23.89 |+ 1/+ 21;—2 22.48)+-3)59.0 
9] 125.5067 113.3463 |—.41/+ .6|+1.0|40 31 15.04/+ 5 7.08 |4 27+ 22/411 22.67/12 
4 24.5570 |16.2133- |-+- 19] —2.1 | 2.3 |40 82 52.48) 3 30.79 |-+ 171— 62\+ 6 22.88)+2)/58.1 
5 8.6390" [28,8417 |-L 3) + .9|+ .4/40 28 4.33\4 8 17.64 |41.16|4+ 20/417 23.50|-257.6 
6 21.3817 (18.3140 |— 3)-+ .2 0 40 37 40.79/— 117.47 |+ 3/4 3 3 23,.85|-++2 
7 97,3417" 111.4307 |-+ 16/— .9|— .5 |40 29 39.54/4 6 41.91 +1.09\— 21/411 22.44 +1 
8 20.0020 (20.7543 |+ 3|—2.1|—2.0|40 36 3.96/+ 19.01 |+ 1ij— 58)4+ 1 22.45/11 
9 13.2403 |27.0080 |+ 10|—1.0 |— .4 |40 30 85,02|-+ 5 47.76 |+- e7|— 21\+11 22.95|+-1156.0 
10 31.8807!” | 4.14537 |— 92) — .8 | —1.3 |40 48 3.'73/—11 39.02 |—1.11|— 29|—24 23.07| 0)/56.0 
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ao2 THE SAYRE OBSERVATORY. 


Levels Corrections 
1893 Par \| P Micrometer C 1% (6 + 6’) Latitude A 
A B Micrometer 6 1 r 
Apr. eM oy he it 
28 |VIII14) D |15.1057 /80.4810 |+255| —1.1 | — .6 |40 42 51.97\— 6 28.98 |— 16/— 25|/—11 40 36 22.47) 0 
May 6/VII 7) R |26.6683 |14.5963 |+ 44) — .9 | —1.2 |40 41 28.10|\— 5 4.90/— 11/— 30\/— 8 22.71/+4 
8 19.4343 |22.0700 |+ 11)/+ .6|+ .7 |40 37 29.389\—1 660/+ 2)+ 18/— 2 22.97\+4 
9 26.6337 |14.8560 |-+ 385) + .7|-+ .7 |40 31 11.93/4+ 5 10.19 /+ 26/4 20/+12 22.70) +4 
10 19.1487 |20.2967 |— 2|/—1.0| — .8 |40 36 51.80\— 29.12|+ 4|— 26/—1 22.45|+4 
= 
Vill 1 22.6197 19.8027 |-+ 19)|— .2) — .7 |40 387 47.12\—"1,23.83 |+ 1/— 12) 2 23.16)+4 
2 14.9793 |27.0983 |+ 75) +1.3 | +1.9 |40 31 15.944 5 6.29|+ 27/4 44/411 23.05|-+3 
3 14.1710 (26.5607 |+ 26)/4+ .6|)+ .7 /40 41 86.87\— 5 18.01 |— 11/+ 18/— 23.84|/+-3 
4 16.1910 |24.4807 |+ 18}— .7 | —1.2 |40 32 53.68/+ 3 29.43 |4+ 17/— 26/+ 6 23.08/++3 
5] 32.0417 |12.4197% |— 6} 41.1] 41.3 |40 28 5.52/+ 8 15.60|41.16|4 34/417 22.79/48 
6] |19.0667 [22.0127 |+ 121+ .4/+ .5 40 37 42.11, 11950/4+ sil+ isi—3 22.74|12 
| 118.7257 |29.5737" |— 39] 12.1 | +1.8 140 29 40.98/4 6 40.20 |411.09/4+ 56/411 22.94/12 
8 22.4927 {21.8160 |+ 11/— .6/+ .2/40 86 5.16/41 1712/4 11/-— 741 22.33)+2 
9 27,1243 138.4247 |+ 20)/+ .2|— .7 |40 30 36.45|4 5 46.08 |+ 27/,— 6)/-+11 22.85) +2 
10 3.5663" |31.3400" |—117) + .3 0/40 48 5.23\—11 41.22 |—1.12\4- 5/—24 22.70|+-1 
11 30.6947 /15.2903 |+273) —1.2 | —3.0 |40 42 53.70/— 6 29.78 |— 16|— 57|—11 23.08)-+1 
XI 2] R| 8.162384 |82.38 707!" |+ 8] —1.8 | —8.2 |40 46 36.72/10 11.52 |—1.04\— 69/28 23.24/—5 
3 5.6883# |31.14577 |— 51] —2.0 | —2.4 |40 25 39.16)+10 42.91 |+1.22\— 62/118 22.85|— 
4 8.1000# |33.3773 |4+- 24) —1.7 | —2.2 |40 25 44.02/+-10 38.55 |+1.22|— 54/419 23.44|—7 
5 0.05774 |33.1947" |—261| + .4|— .9 40 22 25.58/4-13 56.36 |-1.384|— 5/4126 23.49|—7 
6 27.4563 15.4887 |+-105) —1.7 | —1.6 |40 31 19.82/45 2.56 |+ 24|— 47/110 22.25/—7 
7 19.8490 [22.4720 |4+. 17/—1.1 | —1.2 |40 87 42.02\118.93/+ 2| 32|- 2 22.77|—7 
8 20.8020 |19.2727 0) —1.2 | —1.4 |40 36 48.45,— 26.00|4+ 5/— 386/—1 22.13/—8 
ik il 15.7043 |22.9810 |— 28] —1.4 )—2.1 |40 33 19.40\4+ 3 3.74/+ 16\— 49)\+ 5 22.86, —8 
2 13.3083 |26.4033 |— 12|—1.7 | —1.3 |40 41 54.23|— 5 80.75 |— 12\— 44/10 22.82)—8 
May 3 16.2307 22.6707 |— 21)+ .8|-+ .3 |40 33 40.45)-- 2 42.62 |+ 15/+ 9/4 5 23.36|—8 
7 VVIL 7) D128.8528" 12479398 == 70 = 4) 40a 98119) 15 eo 09 = 22.83)-+-4 
8 19.9910 17.3357 |— 23)+1.0 | +1.2 |40 37 29.481 7.01/4+ 1|+ 31/— 2 22.77\|+4 
9 18.6450 |25.9477 |— 16) +1.0 | — .6 /40 81 12.02/4+ 5 10.70 |4 264+ 8/412 23.18|-++-4 
10 20.7170 |19.5907 0}+ .38|— .3/40 36 51.91|\— 2845/4 4/4 1)— 23.50)-+ 
VIII 1 16.780) /20.0703 |— 33} — .6 | —1.0 |40 87 47.24,— 1 24.29|4+ 1/— 22/— 2 22.'72|-+-4 
2 23.7883 14.6408 |+ 52) —1.3 | —2.7 /40 31 16.07/4- 5 6.97|+ 27/— 54/411 22.88/+-3 
3 2).C87) |12.6650 |— 84|— .7 | —1.6 |40 41 37.01\— 5 18.54/— 11i/— 381/— 9 22.96|+-3|51.0 
4 24.6167 {16.3467 |-+ 23) —1.1 | —1.8 |40 32 53.84/+ 3 28.95 |4+ 17\— 40/\+ 6 22.62/13 
5 10.9957" |380.6543i” 0}; — .9 | —1.7 /40 28 5.65/+ 8 16.54 /+1.16\— 36/117 23.16/43 
6 22.4693 [19.8447 |+ 17/+1.3/-+ .3 40 87 42.446, 118.97/4 3/4 24/|— 38 23.73/13 
7 28.7577" 112.8847 |— 21) —2.6 | —1.7 |40 29 41.15)+ 6 40.87 |4+1.09|\— 63/411 22.59)|-+2 
8] [21.0170 [21.7127 |+ 6/+ .2|/— 2/40 36 5.80.+ 17.59\4+ 11 ol+ 1 23,01|+2 
9} {18.8473 [27.5857 |+ 57/+1.2]}-+ 3/40 80 36.61/4+ 5 45.89 |4+ 27+ 23/441 28.11/12 
10 32.8240!" | 5.0833% |— 47/-+ .1|—1.8 /40 48 5.40/11 40.56 |—1.12|— 21/24 23.27/12 
11 18.6893 (29.1337 |+128]— .6 | —1.7 |40 42 53.89/— 6 30.42 |— 16\— 381/—11 22.89|+-1 
XI 2 D /31.1057" | 6.8860! |— 25) —2.5 | —2.3 |40 46 36.90/10 11.72 |—1.04/—  68|—28 23.23)—5 
3 32.0560" 6.58974 |— 22) —1.7 | —1.8 |40 25 39.36/110 48.22 |+1.22/— 50)+18 23.48|—7 
4 31.7910" | 6.47734 |— 27; —1.0 | —2.0 |40 25 44.21/4-10 39.35 |41.22|— 41 +19 24.56|—7 
5 36.4177" | 3.30874 |— 11] —1.2 | —1.6 |40 22 25.76/18 56.30 +1.34/— 389/426 23.27|—7 
6 13.8687 25.8550 |— 10)/+ .1}— .8 |40 81 19.99/4+ 5 2.775 + 25)— 2/+410 23.07/—7 
fl 21.8693 18.7373 |+ 6]/—1.8 | —1.6 |40 87 42.20|— 1 19.13 + 2— 40\— 2 22.67/—7 
8 18.3010 |19.3223 |— 6/+ .2|-+ .1|40 86 48.63\— 25.78 + 56+ 4/—1 22.93|—8 
[eae 23.8763 |16.65138 |+ 11/+1.8|]-+ .9 |40 38 19.57/48 2.53 + 16/+ 40/+ 5 22.71/—8 
2 24.6207 {11.4913 |—151/+ .6!+ .3/40 41 54.40\— 5 31.26 |— 12/+- 14;—10 23.06|—8 
May 3 23.9500 [17.5687 |+ 29) +1.0|+1.6 |40 88 40.60/+ 2 41.26 15 86/+ 5 22.42|—8 
8 1) R 121.5007 18.1507 |— 3)/— 1 0 |40 37 473ml 1 24.60 v ple 2)— 2 22.73|-+-4 
VIII 2 14.2627 [26.3700 /+ 24| +2.1 0/40 31 16.18/45 5.87 /+ 80)/+ 34/411 22.80) +3 
3 13.9670 (26.3928 |+ 14/— .6/— .1 1/40 41 37.16\— 5 13.87/— 15/— 10|— 9 22.95/38 
4. 16.0263 |24.2957 | 9)+ 1|— .4|40 32 54.00/+ 8 28.90 /+ 19|\— 4/+ 6 23.11/+3 
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OBSERVATIONS WITH THE ZENITH TELESCOPE. oe 


Levels Corrections 
1893 | Pair | P Micrometer Oppo aatarns amen ot45 (8-1-8) Latitude A | Ther. 
A B Micrometer 8 1 . 
May : ; CEwe wa ON olsen 
8 }VII 5) R (80.8213 |11.1797#% |— 3) — .6 | — .3 |40 28 5.81/+ 8 16.10 |4+1.22;\— 14/417 |40 86 23.16)4-3)55.6 
6 18.2240 |21.8900 |— 4|/— .38|— .6 |40 87 42.44, 119.95 4 2\— 12/— 3 22.36|+8 
i 12.'7587% |28.602 7" |— 17) + .1 | — .2 |40 29 41.383)+ 6 40.14 |+1.14/— 1/411 22.71|/+-3/54.8 
8 22.9110 (22.2217 |+ 10)/— .8|/— .2/40 86 5.464 17.44\/4 11lj— 8/4 1 22.94)+-2/54.4 
9 28.5193 (14.8567 |+137/4+ .1|-+ .3 /40 80 36.78|+ 5 45.44/41 31/4 6/411 22.70/-+-2 
10 5.4107# 133.1877!" |— 32) — .2 0 |40 48 5.58\—11 41.51 |—1.20\— 3)—24 22.60|-++-2)/53.6 
il 25.8373 |10.8467 |—1'76| — .4 | —1.0 |40 42 54.10\— 6 30.81 |— 21/— 19)—i1 22.78|-+--2 
Ix 1 29.1417 {13.5093 |+121)— .9 |— .7 |40 29 47.43/+ 6 35.15 |+ 83/— 24/412 22.79|+-1158.4a 
2 24.9870 |17.2667 |-+ 51)+1.1 |-+ .8 |40 89 38.22\— 3 15.18 |— 7+ 28)— 5 23.25] 0/53.3 
17.3010 |23.7163 |-+ 18) —1.3 | —1.6 |40 39 5.25\— 2 42.08/|— 5\— 40|— 4 22.68/—0 
May 4 19.2617 |22.4957 |+ 17|—1.0 |} — .3 |40 87 44.01;— 1 21.72 |+ 2)— 20|\— 3 22.08/—1/52.8 
9 |VIII 2) D |25.3487 |18.2287 |— 52)+ .2/}— .3 |40 81 16.382/+ 5 6.00/4+ 380/— 1/411 22.72|+1-3/59.6 
38 26.0080 |18.5900 |— 15|-+ 1 | —1.4 |40.41 37.82|— 5 13.62 |— 15|\— 16\— 9 23.30)+-4 
4 24.7397 116.4888 |+ 29)— .8|— .7 |40 32 54.17/4 3 2849 |1 19\— 14/+ 6 22.77|-+3)/58.4 
5 7.9040# 127.5880" |+ 6|— .2|—1.2 /40 28 5.98/+ 8 15.92 |+1.22/— 18/416 23.10/-138 
6 22.5058 |19.38507 |-+ 17|/— .2/4+ .2 |40 87 42.62\—119.71)/+ 2 Oi— 3 22.90|+-3/57.6 
Wy 28.1893%" |12.3067% |— 5) —1.3 | —1.2 |40 29 41.52/+ 6 39.88 |41.14/— 36)-+11 22.29/43 
8 20.5777 121.2550 |+ 3)/— 6|— .4 (40 86 5.62)+ 17.12/+ i1)— 24/4 1 22,62)+2 
9 12.6203 |26.38097 |— 44|—1.4 | ——9 /}40 30 86.97/+ 5 45.66 |+ 381/— 34/-+11 22.71/12 
10 30.7657" | 2.98604 |—142)| — .5 | —1.7 |40 48 5.77/—11 41.30 |—1.20/— 380|—23 22.74) -2155.9 
11 183.4177 |28.8810 |+104) — .3 | —1.0 /40 42 54.32/— 6 30.83 |— 21|— 18/—11 22.99|+-2/54.6 
IX 2 16.8567 (24.0453 |+ 8] —3.5 | —4.0 |40 39 38.46|\— 3 14.22 |— 7—1.06/— 5 23.06) 0 
3 24.0303 |1'7.6280 |-- 30) — .5 | —2.2 |40 39 5.49\— 2 41.91|— 5|— 386/— 4 23:18) Obst 
4 20.6673 |19.8883 —2.1 | —2.8 40 385 50.98)+ 382.31)1 8/— 69/+ 1 22.69) 0 
5 21.1853 |17.9780 |— 8) —2.4|}—2.6 |40 87 44.24\— 1 20.99 /|+ 2|— T71|\— 3 22.53/—1/52.8 
6 17.6613 |19.0063 |— 14) —1.8 | —2.6 |40 36 57.39 83.94 |+ T— 62)\—1 22.89/—1 
ay if 31.3250%" | 7.3903 |— 16) — .6|— .7 |40 46 28.92,—10 4.50 |—1.15|\— 18|—18 22.91|—1151.9 
10 {VIII 1) R 22.9580 19.5987 |+ 25|+ .7 | +2.0 |40 87 47.66|\— 1 24.78 O\+ 86)— 38 23.21|+-4|66.4 
; 2 14,9280 (27.0510 |-+ 70)/+ .8/+ .1 |40 31 16.45\+ 5 6.36 |4+ 30/\+ 6/411 23.28|-+-3)/65.9 
3 14.2453 |26.6437 |+ 83] —3.0 | —3.1 |40 41 37.49|\— 5 13.22 |— 15|— 86\— 9 23.17/+-4 
4 17.1858 |25.4010 |-+ 60} — .6 | —1.1 |40 32 54.34/+ 38 28.92 |4 19)— 24)/+ 6 23,27/-+-4/65.1 
5 30.8193%" |10.6867% 0} —1.5 | —1.1 |40 28 6.15)+ 8 15.85 )+1.22/— 38/417 23.01|+-3)/64.8 
6 18.9907 |22.15380 |+ 11)— .7 |—1.9 |40 37 42.81)— 1 19.90 |4+ 2)— 35|— 3 22.55/38 
uf 12.2647 |28.0880'" |— _ 4)-+ .5 | + .4 /40 29 41.71/+ 6 39.63 )4+1.14/4+ 13/411 22.72/48 
8 20.9447 (20.2647 O|)-+ .6/— .6 40 86 5.80/+ 17.18/+ 11/4 2/41 23.12|-+-2/64.1 
9 28.7693 |15.0888 |-+155| —1.1 | — .9 |40 30 387.17/-++ 5 46.06 |+ 31/— 29 +11 23.36)--2 
10 5.5113" |33.2890%" |— 27/— .9|— .5 40 48 5.98)\—11 41.50 |\—1.20\— 21/—238 22.84) +.2/62.2 
al 26.5710 |11.0720 |—107) —1.4 | —2.0 |40 42 54.55|— 6 31.18 |— 21;/— 48/—11 22.57|-++2 
IX 1 29.6677 |14.0477 |+171)— .9 | —1.4 |40 29 47.87|-++ 6 34.94 |+ 33/— 32)-+12 22.94/11 61.4 
2 23.2290 115.5023 |— 29|— .6|— .8 |40 39 88.70\— 3 15.08 |— T— 220\— 5 23.30} 0 
3 17.4573 |28.854'77 | 24) 1.7 | 1.6 |40 39 5.75|— 2 41.64/— 5\— 47)— 4 23.55) 0|59.4 
4 18.9380 120.2020 |— 3/— .9|—1.0 /40 35 51.24/+ 381.92/+ 8|— 274 1 22.98) 0 
5 17.4963 |20.7197 |— i8]— .8|—8.0 |40 37 44.48/\— 1 21.87/4 2/— 50/\— 3 22.60/—1/59.9 
6 20.6040 |19.2453 0| — .7 | —1.4 |40 86 57 63\— 84.82 |+ VW 2/—1 23.09/—1 
7 7.8903% 131.8253" |—  4| —2.'7 | —2.5 |40 46 29.19\—10 4.51 |\—1.15|— ‘'74|\—18 22.61|—1/59.0 
Ma 
ti XI 2| R | 9.9293 |34.1410%” | 52) —1.3 | —2.3 |40 46 37.68\—10 11.66 |—1.11/— 50/—23 24,18|—5|58.4 
3 6.6143% 129, 0237'7 |— 23] —1.4 | —1.6 |40 25 40.25)-+10 41.72 |4+1.30/— 42/+18 23.03/—6 
4 7.86272 |33.0940% |4- 15] — .6 | —1.8 [40 25 45.07/-+10 37.81 |4-1.29)\— 26 +19 23.60|—6 
5 1.26504 |34.3587i" |—168] —2.2 | —2.0 |40 22 26.5818 55.44 |+1.44/— 60/-++26 23.12/—6/57.3 
6 27.0500 |15.0750 |-+- 75;— .8 | —1.2 40 31 20.784 5 2 64 /+ 27j;— 28)+10 23.51|—6 
q 19.7153 (22.8753 |-+ 24)/+ .2}— .3 |40 37 43.00\— 1 19.87/+ 1J— 1/—2 23.11/—7|56.1 
8 21.5007 120.4580 |+ 8]/—1.6 | —2.9 40 36 49.389— — 26.36 |+- A4i— 62\— 1 22.44|—7 
Lee 16.5720 |23.8003 |--+ 8/— .4|—1.2 |40 33 20.31/4 3 2.58 |+ 18)— 22/4 5 22.90 eal) 
2 13.8487 |26.9537 |-- 31] —4.0 | —1.9 |40 41 55.10\— 5 31.08 |\— 16/— 88/—10 22.88|—8|55.4 
3 16.7720 |23.2180 0| —2.4 | —3.0 |40 83 41.26/+ 2 42.81 /+ 17;— 76/4 5 23.53|—8]55.0 
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Levels Corrections 
1893 | Pair | P Micrometer CS ee (es (6 Bo) Latitude A | Ther. 
A B Micrometer 6 1 r 
May Oo ft Ws On a 
11 {I 4) D)22.8077 /18.0610 |+ 13) —2.0 | —1.9 |40 34 23.80)+ 1 5992 /+ 14,— 56)/+ 3/40 36 23.33/—8/55.2 
May 12/VIII 1 17.6217 |20.9970 |— 15) + .6 | -+1.4 /40 87 47.92,— 1 25.21 /4+ 1)/+ 27/— 38 22.96/+-4|69.3 
2 23.9827 |11.8660 |—149|— .2|— .1 /40 31 16.72;/+- 5 5.64|/4+ 30)— 4/411 22.'73/-4|68.4 
3 25.4617 |12.9897 |— 57/— .2|— .7 /40 41 87.83)— 5 14.84 |— 15)— 12/— 9 22.63/44 
4 25.0063 |16.7697 |-+ 42/— .8 | —1.0 |40 82 54,67/+ 3 28.138 |+ 19)— 25/+ 6 22.80)/--4/67.9 
5 10.6020# /30.2143%" 0} — .2;— .8 |40 28 6.49)+ 8 15.82 |+1.22)— 13/417 23.07/18 
6 20.5830 |17.4090 |— 19] —1.2/}-+ .4 |40 87 48.18)— 1 20.12/+ 2/— 14/— 3 22.91/+-3)66.3 
a 27,7487" |11.9270% |+ 4) —2.3 | —2.2 |40 29 42.12/+ 6 39.60 |4+1.14/— 64/111 22.33)/+8 
8 21.4780 {22.1573 j+ 8)/—1.6 | —2.0 |40 386 616/+ 17.18/+ 11/— 50\4+ 1 22.96|+-3/65.4 
4) 12.2057 /25.8947 |— 78) —2.0 | —3.0 |40 30 87.57/4 5 45.54 |+ 31/— ‘70/411 22.83)+2 
10 32.0523!" | 4.23201 |— 83) + 5/+ .1 |40 48 6.40/11 42.41 |—1.20/+ 10/—23 22.66)12 
11 12.8330 (28.3297 |-+ 52) —1.2 | —2.6 |40 42 55.03/— 6 31.51 |— 21/— 52/11 22.68/+-2/63.9 
TeXeed! 12.0880 |27.6887 |— 12) — .5 | —1.0 |40 29 48.33/+ 6 34.10 |+ 3838/— 20/+12 22.68) +-2/63.6 
2 15.0503 /22.8333 |— 48) -+1.7 | +2.4 40 39 39.23\— 316.44 |— ‘7+ 57/— 5 23.24/4-1|63.5 
3 22.6843 |16.2853 |— 20) + .7}/+ .1 |40 89 6.29\— 2 42.88 |— 5/4 12/— 4 23.49|+-1 
May 4 20.2263 {18.9618 |— 2)/— .7|—1.8 |40 85 51.80/+ 31.95/+ 8/— 34/4 1 23.50/+-1/62.4 
19 VIII 2) R /18.8807 (25.9780 |— 6|/— .4|— .6 |40 81 17.21/+ 5 5.54|/+ 30/— 14/+ 8 22.94)14/58.1 
3 13.8330 /26.2790 |4 5)—2.4 | —8.2 |40 41 38.52/— 5 14.37 |— 15\— ‘78/— 9 23.13/-45 
5 30.4550%" |10.8530% 0 0\|— .4/40 28 7.26)/+ 8 15.10 |4+1.22;\— 5/417 23.70|+-4/56.8 
6 20.3737 |238.5530 |-+ 37) —2.4 }_3'3 40 87 44.06\— 1 20.89 |+ 2— 80/— 3 22.86|+-4 
a 11.71434 /2'7.4960%" |+- 11) — .8} — .6 /40 29 48.11/+ 6 38.64 |41.13)— 12/411 22.87/14 
8 21.9757 (21.8457 |+ 7+ .8/— 1/40 86 7.01/+ 15.98/4+ 11/+ 4/41 23.10/+3/56.2 
9 28.9080 {15.8157 |--168) —1.8 | —1.9 |40 30 38.58/+ 5 43.73 |+ 381/— 52/411 22.21|+38 
10 4.4593! |32.3080'" |— 75} -+ .4/-+ .1|/40 48 '7.50\—11 43.21 |—1.20/+ 8/23 22.94|13/56.4 
11 28.8623 138.2940 |+ 99|+3.3 | +2.1 |40 42 56.382\— 6 33.47 |— 21/4+ '79|/—11 23.32)/+3/56.5 
IDS at 28.6197 {13.0857 |-+ 79) —2.0}-+ .8 /40 29 49.61/+ 6 32.55 |+ 383/— 22/112 22.39/12 
2 23.5453 15.7063 |— 18/4+1.2|}+ .5 |40 39 40.76K— 317.95 |— 7+ 26/— 5). 22.95) +2 
3 17.1387 |23.6547 |-+ 15}—1.0|}— .6 |40 89 7.90/— 2 44.62|— 5/— 24/\— 4 22.95) +2 
4 20.1530 (21.2877 |+ 4/+1.7|-+1.7 |40 85 58.48/+ 28.67|4+ 8/+ 48/4 1 22.72/+1/54.8 
5 20.6760 |24.0070 |+ 45)— .2/-+ .6 /40 87 46.59/— 1 2424/1 2/4 4|— 3 22.38/+1/54.5 
6 22.6467 21.2150 |+ 17) —2.0 | —2.2 |40 386 59.70, 36.21/4+ ‘7— 60\— 1 22.95) 0 
7 8.9667# 32.9853" | 24) .3 | —1.0 |40 46 31.56,—10 6.72 |—1.15\—  8/—18 23.48] 0/53.2 
XI 2} D |80.0650'" | 5.73574 |— 54/ — .8 | —1.7 140 46 39.68/10 14.39 |—1.11/— 34/24 23.60/—4|49.8 
4 31.8067" | 6.63334 |— 24) —4.1 | —5.6 |40 25 47.28/110 35.79 |4-1.29)—1.36/+19 23.19|/—5 
5 38.8057%" | 0.82004 |—208) — .7 | —1.0 /40 22 28 72/18 52.66 |11.44,— 24/125 22.83/—5 
6 13.1870 /25.08138 |— 61/—1.2 | —2.4 /40 31 22.87/15 0.28/+ 27/— 49/+10 23.03/—5!49.8 
{i 22.1467 |18.9150 |+ 10)/+ .2}— .5 |40 87 45.13/\— 1 21.66/4+ .1/— 4|— 2 23.42/—6 
8 20.2217 {21.3753 |+ 5)/— .8/— .4 /40 86 51.49, -29.15|/1+ 4|— 10/1 22.27/—6 
eal 23.1273 /16.0283 |— 18) + .7|+ .5 /40 83 22.38)4 2 59.27 |4 18/4 18/4 5 22.06|—7 
2 26.8983 |13.6387 |+ 21) +2.7|+1.1 |40 41 57.09,— 5 34.98 |— 16/+ 57/—10 22.42/—7|47.6 
4 17.8350 |22.5010 |+ 4|/—1.0|—1.7 |40 84 25.69|+ 1 57.87 |+ 14 38/1 38 23.35|—7/4'7.2 
5] |17.7057 123.6163 |+ 22/+ .8|— .7 |40 33 54.12/+ 2 2936/4 164+ 4/4 4 28,'72|—7 
May 6 19.1873 |20.8890 |+ 1) —2.2 | —2.2 /40 35 41.10/+ 42.99 /+ 12/— 62/4 1 23.60/—7|47.8a 
31 {VII 6] D /21.9127 |18.6653 |-+- 6|/— .5 | —1.1 |40 87 45.57/— 1 22.038 + 2/\— 22)— 3 23.381/+5|67.0 
7 28.8120*" |13.0580% |— 24) —2.4 | —8.9 |40 29 44.78/ 6 37.82 |11.138/— 87/-+11 22.97/+-5|65.6 
9 12,7703 |26.8447 |— 36) —1.7 | —8.3 |40 80 40.30|+ 5 42.74 /+ 81/— 68/111 22.78|+-5|64.7 
10 82.3707" | 4.46171 |— 73] + .6|— .2 /40 48 9.36/—11 44.69 |—1.20/+ 7/—238 23.31|-+--4/64.4 
11 12.8487 [28.4797 |+ 62] —1.3 | —1.6 |40 42 58.54/— 6 34.94|—  21/— 40/—11 22.88)-+-5 
TX 1} {11.9247 |27.8793 |— 821+ .29/-+ 2/40 29 51.77/+ 6 30.25 |+ 388/+ 6/412 22.53/+-4/63.9 
2 17.8427 /25.2393 |+ 59) —1.5 | —1.5 /40 89 43.87\— 3 19.58'— ‘7j— 43\— 6 23.24)/13)63.4 
8 23.3790 [16.7587 |+ 38/+ .5/-+ .3 |40 89 10.60\— 2 47.84/— 5/4+ 12/— 4 23.29)+-3]63.0 
4 21.9333 |20.8810 |+ 8) —1.0|— .5 /40 35 56.34/+ 26.60/4+ 8i— 22/4 1 22.81)/+3 
5 21.9207 {18.4820 |+ 4 0 |— .3 |40 87 50.03\— 1 26.86/41 1/— 4—38 23.11/+-2/62.2 
6 19.6980 (21.2607 |+ 4)/— .8|—1.9 |40 87 2.388\— 39.48 + 6/\— 386\— 1 22.59/12 
7 32.8760" | 8.73634 |-+ 20) + .8|+1.0 |40 46 84.60\10 9.73 |—1.16/+ 18/—18 23.71/+2/61.2 
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Levels Corrections 
1893 | Pair | P Micrometer Cc ub f i 
A B cart ©) Micrometer 6 r pee oe ae 
June ony W On) i 
Y VII 8| R 21.7487 (21.1797 j+ 5|/— .9 |—2.3 |40 36 9.08), 14.26/4+ 11/— 44/+ 1/40 86 28.02/+5/67.4 
9 28.3870 {14.8573 |+180| — .5 | —1.2 /40 30 41.04/+ 5 42.03 |+ 31)— 23/411 23.26|-+-5/65.6 
10 8.29804 |31.2300'7 |—129| — .4 | — .6 |40 48 10.17/—11 45.138 |—1.20/— 14|--23 23.47|-+5/65.3 
ala 28.2743 |12.6007 |+ 40) — .8|— .6 |40 42 59.54/— 6 35.95 |— 21/— 12)/—11 23.15|-+5 
exXeaye 29.0810 18.6600 |+124) —2.6 | —2.9 /40 29 52.75/+ 6 29.78 |4+ 33/— 78)+12 22.20|-+-5/65.1 
2 23.8683 |15.8707 |— 7 +1.8|-+ .8 /40 39 44.61/— 38 21.97/— 7+ 38\— 5 22.90)/-++4 
3 16.1897 |22.8610 |— 18) —1.1 | —1.3 |40 89 11.91/— 2 48.45 |— 5|— 34/— 4 23.03|-+-4|63.9 
4 20.0790 |210760 |4+- 4)/— .6|—1.1 /40 35 57.72) 25.19/4+  8\— 24/4 1 22.76|-+4/63.3 
5 19.3697 |22.8847 |+ 22)— .8}— .5 40 37 50.60\— 1 27.57 |4+- 1J— 12/\— 38 22.89)-+3 
6 21.8318 (20.2277 |+ 9)/— .8|—2.0 |40 87 3.64,— 40.52/+ 6/— 30/\—1 22.87|+38 
uf 8.28772 |32.4893'y |-+ 10; —1.8 | —1.2 40 46 36.11/10 11.26 |—1.16|— 44/—18 23.07|-+3)/63.0 
XI 6) R |27.2097 |15.5263 |+ 94) —1.1 |=1.5 |40 31 27.87/+ 4 55.33 |4+ 27/— 36/+10 23.21/—3)/58.8 
qi 18.7077 22.1847 |+ 8) —2.9 |—2.8 |40 87 50.34/— 1 26.58 O— 82)— 2 22.92/—3158.8 
8 20.3923 /19.0943 0| —1.5 | —3.2 |40 36 56.64-— 82.79 /+ 4\— 64/—1 23.24/—4|58.4 
ify 13.8943 /27.2770 |+ 47| 2.4 |—1.6 |40 42 2.06/— 5 38.13 |— 17/— 58/—10 23.08} —4/58.2 
3 17.5137 |23.6683 |-+ 20/— .5 |—1.1 |40 33 48.06/+ 2 35.50 |+ 16/— 22/4 4 23.54/—5 
4 23.1403 |18.6497 |+ 23) —3.1 | —3.3 |40 34 30.47/+ 1 53.48 |+ 14/— 91/+ 8 23,.21|—5d 
5 22.0753 |16.3822'7 |— 28] —2.5 | —1.7 |40 38 58.79/+ 2 25.23 |+ 15)\— 61/4 4 23.60/—5 
6 21.3693 |19.8510 |+ 5|—8.5 |—-2.8 40 85 45.25/+  38.36|+ 12\— 84/+ 1 22.90|—5|57.4 
7 11.5643 (31.2347 |+162) —2.7 | —2.8 |40 28 5.97/+ 8 17.23 /+ 40/\— 78/16 22.98|—6 
8 8.7458 133.4143 | 30/— .4|—1.0 140 25 59.16/+10 28.15 |+1.29\— 19/418 23.59|—6|56.6 
9 15.4950 (28.3847 |-+146]— .5 |— .2 |40 30 58.40/+ 5 24.67 |+ 28\— 10/4 9 23.34|—6 
June 10 26.4940 |15.9777 |-+ 78|+1.0/-++ .7 |40 40 49,69\— 4 25.81 |— 5+ 25/—11 23.97|—5|56.4 
8 |[X 1] D /11.9743 |27.8940 |— 27/-+ .7|+ .6 |40 29 52.92/+ 6 29.87 |+ 33/-+ 18/+12 22.92)-+-5/68.5 
2 16.0817 |24.0150 0) — .4)— .5 |40 89 44.81/— 3 21.63 /— TW— 13)— 5 22.93|/-+-4167.5 
3 23.1670 |16.4580 |— 7 -+1.6|}4-1.9 40 39 12.12\— 2 49.42 /— 5)+ 50\— 4 23.11|-+-4/67.4 
4 19.8590 |18.8870 |— 4/— .1|/— .6 /40 35 57.964 2454/4 8/— 94 1 22.50) 4167.3 
5 21.3708 |17.8563° |+ ‘Z| +2.3|-+-1.6 |40 37 50.83\— 1 28.73 |+ 1/4 56\— 3 22.64/+-3 
6 18.8667 |20.50138 |— 2)— 5)/— .7 /40 87 38.86— 41.27 \4-- 6— 17—1 22.47|-+-3|67.2 
q 32.3417" | 8.10874 |4+ 6/-+ .8|-+ .6|40 46 36.87\—10 12.04 |—1.16/+ 20|\—18 23.19/38 
dg ab 14.0763 |2'7.0550 |-+ 48) —1.0 | —2.0 |40 41 51.00\— 5 27.90 |— 16|— 41|—10 22.43|+-3/66.4 
2 8.7'7081 |28.4853iy | 3) — .2)— .5 40 28 4.19)+ 8 17.92 |+1.22\— 10/416 23.39)+-2/65.6 
3 18.8923 {21.1660 0) + .2)-+ .4/40 85 25.474 57.42/+ 10/4 8/4 2 23.09|-+-2/65.6 
4 12.6483 |27.4887 | 6)/— .1/-+ .1|40 80 7.26)+ 6 14.82 |/+ 82 0|+-10 22.50)-++-2 
5 30.2187!" | 8.8697 |—  3)/-+ .2|— .6 40 45 23.77/— 8 59.18 |—1.06—  4/—21 23,28) +1/65.4 
6 22.3867 |18.4177 |+ 10 0|-+ .2|/40 34 42.26/+ 1 40.26 |4+ 144+ 2/4 3 22.'71/4-1/65.1 
“| {14.9813 125.7473 |+ 23/+1.0|-+ .3 |40 81 51.10/+ 4 31.96 |+ 24/4 20/4 8 23.58|+1/64.0 
8 29,7148 | 9.4127 |— 54! —1.6 | —2.1 |40 44 56.55/|— 8 32.60 |— 28/— 52/—15 23.00} 0/62.6 
9 28.1360 10.0680 |— 96|— .2|—1.4 |40 44 0.12/— 7 36.08 |— 23;\— 20|—14 23.47) 0 
10 6.980% 131.6510!” |— 18] —1.8 | —2.3 |40 46 47.83|—10 28.03 |—-1.17/— 50|—18 22.95|—1/61.9 
XI 6) D |12.1607 /23.8410 |—138]— .38}— .5 40 81 28.17/+ 4 54.66 |+ 27/— 12/410 23.08/—3/61.1 
q 20.2720 |16.8103 |— 380)— .1 | —1.1 |40 87 50.65|\— 1 27.36 Oj— 16— 3 23.10|/—3/60.4 
Gest 29,5227 |15.5837 |— 39] —1.4|—8.2 |40 83 27.82/4 2 55.16 + 18/\— 63/4 5 22.58/—4/60.9 
3 22.9588 [16.8180 |— 4|— .6|—1.4 /40 88 48.35|+ 2 35.07 |+ 16|— 274+ 4 23.35|—5/60.1 
4 16.8807 |21.3900 |— 23] —2.1 | —4.2 |40 34 30.76/+ 1 58.84 /+ 14,— 86/4 3 23.91|—5/59.4 
5 17.3583 |23.0697 |+ 8|— .8|— .8 |40 33 59.07/+ 2 24.27 |4 16\— 16/4 4 23.38/—5/59.3 
6 18.3590 119.8440 |— 7|— .7|—1.1 |40 85 45.51/+ 387.49|/4+ 11/— 25)4 1 22.87|\—5 
Zi 28.6483 | 8.9970 |—136] — .2/—1.7 |40 28 6.23/+ 8 15.98 |+ 40/— 24/+15 22.52)—5 
8 32.4160" | 7.77708 |4 3) — .8 | — .1 |40 25 59.42/410 22.31 |-1.28\— 14 +18 23.05|—6 59.4 
9 26.1363 113.2997 |— 21/— .2|— .8 /40 80 58.66/-+ 5 2416/4 28— 74 9 23.12'—6)59.0 
June 10 13.3707 |23.9040 |— 84] —1.2 | —3.2 |40 40 49.89|— 4 25.83|/— 5|— 60/—11 23.30|—5/38.6 
9 |IX 1] R [28.1688 |12.7740 |+ 42) -+1.1 | +1.1 /40 29 53.09/-+ 6 28.89 |+- 88)+ 32/412 22.80/+-5/71.9 
2 24,2237 116.2180 |+ 10) +1.5 }+1.5 |40 39 45.02/— 3 22.33 |— 10/\+ 43/— 6 22.96)-+-5/71.3 
3 16.5687 |28.2800 |— 3)-+ .4 0 |40 39 12.34,— 2 49.49/— T+ 6/5 22.79) +-4/71.0 
4 19.3980 [20.3527 |+ 1)/+ .7|-+ .7 40 35 58.19/+ 24.12 + Sit 20) 0 22.59)+-4/69.5 
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Levels Corrections 
oe A 1 y Latitude 
1893 | Pair| P Micrometer G i : %(6+8) Mire ‘ ; ' A 
June Oo 7 Seed i 
9 |IX 5] R /19.07638 /22.5790 |+ 18] — .5) — .6/40 37 51.05\— 1 28.50 Oi— 16/— 3/40 86 22.36|+4/68.4 
6 20.0703 |18.4888 |— 8 — .6/—1.0/40 37 4.09\— 41.49/+ 6/— 20/— 1 22.75/ +3 
q 8.11771 |82.3580'" |+ 7) —1.0) — .5/40 46 36.63/—10 12.21 |—1.24/— 22/—18 22.78 -+3/67.4 
oe Al 26.7783 {13.7693 |-+ 20) +1.38) +1.4]40 41 51.28\— 5 28.59 |— 20/+ 38/— 9 22.78|-++3)/67.2 
2 32.0857" [12.3773 |— 5) — .1| + .8/40 28 4.44/4 8 17.73 |41.29/+  8/+17 28.71|-+2 
3 21.2720 |19.0003 |/+ 2) +1.0} 4+ .5/40 35 25.74/+ 57.88 /+ 11 + 22)+ 2 23.4'7|/--2|67.6 
4 27.4523%" |12.6433% |— 1)/— .38/ — .9/40 80 7.54/+ 6 14.00 |+1.18\— 16/10 22.66|/--2)/67.1 
5 10.0050 |31.8597% |+ 5) —1.1 0/40 45 24.01/— 8 59.34 |—1.13/—  18/—21 23.15/+2|66.6 
6 19.8683 |23.3450 |-+ 82) +1.0| +1.3/40 34 42.54 + 1 40.51 |+ 15/4 32/4 3 23.55|-+-1/66.4 
i 25.8140 |15.0767 |+ 27; —1.0| —1.0 /40 31 50.56/+ 4 31.24 /+ 28 + 28/+ 8 22.44|4-1|66.5 
8 9.9963 |80.2960 |-+ 19) — .8} —1.5/40 44 56.86/— 8 32.72 |— 35/— 32/14 23.83) 0/66.1 
9 11.0227 |29.0617 |+ 4) —2.8) —2.3/40 44 0.44,— 7 35.59 |— 29/— y4\—14 23.68} 0 
10 32.4137 | 7.713808 |+ 1) —2.0| —4.0/40 46 48.16/10 23.82 |—1.25,— 82/—18 22.09|—1|65.1 
XI 6} R [26.7087 |15.0627 |+ 61) — .8| — .7|40 31 28.48/4+ 4 54.29 |4+ 381/— 22/410 22.96/—3/63.4 
7 18.6153 (22.0900 |+ 7 + .9| + .8/40 37 50.97\— 1 27.78 |— 1/4+ 24, — 3 23.39 —3)62.9 
8 20.8107 19.4663 0) + .2) — .0 140 36 57.27;— 33.96 |-- 3i—~ 4i— 1 23.29/—4/62.6 
al 15.9007 |22.8393 |— 26) + .3| — .6 /40 83 28.15/+ 2 55.18 |+ 20/— 2+ 5 28.56/—4 
2 12.5277 (25.9607 |— 61} —2.2| —1.9|40 42 2.67\— 5 839.12 /— 21/— 59/—10 22.65|—4/ 62.6 
3 17.5747 (23.7047 |+ 23) —1.2| —2.9 |40 33 48.66/+ 2 34.88 |4+ i18si— 56/+ 4 23.20)—5 
4 21.6847 [17.2277 |— 15) —2.1 | —1.7 |40 84 81.07/+ 1 52.58 |4+ 15/— 55/+ 8 23.23/—5/62.5 
5 22.8370 (17.1857 |— 2) —1.9| —1.4 |40 83 59.38/4 2 23.99 + 18\— 48/+ 4 23.11/—5/61.9 
6 20.5423 {19.0890 0) —2.6 | —1.4/40 35 45.78/4+- 87.96 /+ 12)/— 59/+ 1 23.28/—5 
Hh 10.8987 30.0840 |+ 24) —1.7| —2.3|40 28 6.52/+ 8 15.98 + 47/\— 56/415 22.56|—5|60.9 
8 6.8403! |31.4633'7 |— 23) + .2| — .7/40 25 59.70/+10 21.83 +1.37;,— 6/+18 23.02|—6 
9 13.8923 |26.7270 |+ 22) — .8| —1.7|40 80 58.94/+ 5 24.22 + 382\— 26/+ 9 23.31/—6|60.8 
June 10 27.3310 |16.8160 |+-128| —1.6 | —2.6|40 40 50.12\— 4 25.90|— 9/— »5s/—11 23.44/—5/60.5 
11 |IX 1] D |12.6123 |27.9910 /+ 26) + .6| + .81/40 29 53.37/+ 6 28.45 |+ 88)+ 14/+12 22.46) -+5)/76.5 
2 15 5727 = |23.53823 |— 21] 4.0] —3.9 /40 89 45.39\— 3 20.96 |— 10/—1.12/— 6 23.15|-+-5/75.4 
3 20.8217 14.0940 |—100) — .1} — .8/40 39 12.75|— 2 49.66/— v7I— e6l—5 22.91|+5)74.9 
4 UDOSE7 190420 mi =—=mes 0| — .5|40 35 58.63/+ 2386/4 8si— .6 0 22.51/+4)74.2 
5 20.8433 |16.8393 |— 29) + .1] — .5/40 87 51.47/\— 1 28.42 Ooj— 5—38 22.97|+-4 
6 18.1320 /19.7853 |— 10) —1.0| —1.4/40 87 4.51/— 41.73 + 6\— 34/— 1 22.49|+3)73.3 
i 31.9410 | 7.68104 |— 6) — .2] — .8/40 46 87.11/10 12.66 |—1.24,— 7/—18 22.96|+-4 
Xo 13.4880 |26.4967 | 1] —2.2/ —2.8/40 41 51.79/— 5 28.538 /|— 20I— 7ol~ 9 22.2'7|/---3)72.3 
2 9.25204 |28.94138iv 0} — .2;— .1/40 28 4.93/4 8 17.25 |4+1.29\— 4/417 23,60/+3 
3 18.0853 /20.3410 |— 10) — .8/ — .8 |40 85_26.28/+ 56.94|/+ 11/— 22/-+ 2 23.13/43 
4 12.570 7 127.3590" 0) + .1} — .8/40 30 8.11/+ 6 18.47 |4+-1.18]/— 2/+10 22.84/12 
5 29,1963%" | '7.8100# |— 12) — .4] —1.7/40 45 24.51, 9 0.07 |—1.13\— 28/—21 22.82|+-2)70.4 
6 21.5700 |17.6160 |— 10) + .2| — .5 1/40 34 43.11 + 1 39.83 |1 15|\— .4/+ 3 23.08)++1|70.0 
XI 6] D /13.0660 |24.6877 |— 76} + .9| + .7|40 31 29.14/+ 4 53.32 |+ 81/+ 22/10 23.09|—2|68.9 
June q 21.0693 {17.5733 |— 14| —1.3| —2.3|40 387 51.66\— 1 28.24/— 1/— 50\— 3 22.88/—3/66.6 
13 {TX 1) R (28.8190 |12.9160 |+ 55) —1.6 | —1.7|40 29 53.58/+ 6 29.15 |+ 388\— 47/+12 22.'76|+-5 69.5 
2 23.4197 15.3933 |— 28) -+ .2/ + .5/40 39 45.70\— 3 22.64 |— 10\+ 10/\— 6 23.00/+-5|68.9 
3 15.8180 (22.5320 |— 33] —1.5 | —1.3/40 39 13.08|— 2 49.61 |—  7I— 40I— 5 22.95|-+5|68.6 
4 19.5833 |20.5243 0| + .4| + .3/40 35 59.00/+ 23.77 /4 2 + 10/4 6 22.95|+5/68.4 
5 18.7443 |22.2450 |-+ 10) —1.7] —1.2 /40 37 51.82|— 1 28.44 O— 42, — 3 22.93/+.4/67.6 
6 21.9213 20.2893 |4+ 10) —1.0| —1.7/40 87 4.87/— 41.924 + 6\— 38/— 1 23.30|-+-4\67.4 
"4 8.67004 |82.9203'" |+ 20 —3.0| —1.9|40 46 87.54/10 12.51 |—1.94/— 72/18 22.89/+-4|66.9 
xe “al 27.5730. 14,5830 _ -++ 82| — .6| —1.2|40 41 52.25\— 5 29.54/— 20\— 24|\— 9 22.18|+-3/66.6 
2 30.5930'" |10.9057# 0; —1.2; —1.7 40 28 5.85/+ 8 17.22 |4+1.99\— -40 +17 23.63/-++3 
3 21.5747 (19.3277 |4+ 6) —1.8] —1.1/40 35 26.77/+ 56.75 |+ 10i— 84/+ 2 23.30/+38 
4 27.1210'" 12,8423 + 10) —1.7| — .3/40 80 8.62/+ 6 18.27 +1.18/— 31/-+10 22.86|+-3/67.0 
5 9.69304 31.0852" | 2} —2.6 | —2.4|40 45 24.94, 9 0.28 |—1.13/— 72|—21 22.60|+-2/66.4 
6 19.8640 |22.7950 |-+ 20 0| — .5/40 84 43.62\4 1 39.388 /4 15/— 6/4 3 23.07/12 
ul 26.3350 |15.6623 |+ 63) +. .6 + .2/40 31 52.60/+ 4 29.71 |+ 28/4 12/4 : mete 66.4 
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Levels Corrections 
1893 wir j 1 \ Py 
P P Micrometer Cc s 4 (6 + &) pine , ; : Latitude A 
June OTe WO Oo wy 
13 8) R 10.7187 {31.0580 |+4-105| —1.1 | — .9 |40 44 58.04\— 8 34.08 |— 385|— 29/—14 /40 86 23.18/+1/65.9 
9 12.3917 (30.5170 |+156) + .5|-+ .5 |40 44 1.64\— 7 38.16 |— 30/+ 14\;—14 23.18)+-1|65.4 
June 10 31.5910'" | 6.84974 |— 22) — .6 | —8.1 |40 46 49.44/—10 24.80 \—1.25|— 48/— 8 22.83) 0/64.9 
14 {T 1/D /24.1450 |17.3080 j-+ 28 0|}— .5 140 33 29.83/+ 2 52.87 |+ 20— 6/4 5 22.89/—3/67.6 
2 25.4590 11.9817 |—102/+ .4/-+ .2 40 42 4.34;— 5 41.89 |— 21/+ 9/—10 22.73|—3/66.9 
3 23.5160 17.4730 |+ 17)/-+ .1|)-+ .2 /40 33 50.83|/+ 2 32.67 |+ 18/+ 4/+ 4 23.26|—4 
4 17.1627 {21.5283 |— 17) — .1 | —1.7 |40 34 32.72/+ 1 50.21 j+ 15/— 28/4 3 22.88/—4/66.6 
5 17.8800 |23.0183 |+ 6/+ .1|-+ .2 |40 34 1.02)4 2 22.29|+ 18/4+ 4/4 4 23.57/—5/66.9 
6| {18.5970 {20.0108 |— 6/+ .3 0/40 35 47.27/4+ 385.67 /+ 12/+ 441 23.12|—4 
i 29.6727 (10.1053 |— 14/— .5 |— .2 /40 28 8.05)4+ 8 14.15 |+ 46/— 10/415 22.71|—d 
8 31.9570" | 7.4080% |— 9) — .8}-+ .4 40 26 1.28/+10 19.98 |4-1.36 0/-++18 22.80/—5/66.6 
9 27.2553 |14.5013 |-+ 68 0|+1.8 |40 31 0.49/+ 5 22.28 |+ 32/)+ 16/+ 9 23.34|—6 
June 10 13.6583 (24.2913 |— 64) -+1.1 | +1.0 |40 40 51.43/\— 4 28.38 |— 9/+ 380/—11 23.15|—5/66.3 
17 |L 1] R /15.6817 /22.5110 |— 386) —1.0 | —1.2 /40 33 30.71/+ 2 52.40 |+ 20\— 381/+ 5 23.05|—3/60.9 
2 18.4490 |26.9570 |+ 16] —1.3 | —2.5 |40 42 5.¢1/— 5 41.21 |— 21/— 52/)—10 23.17|—3)/61.1 
3 16.7950 |22.8210 |— 7/— .4/— .8 /40 33 51.20/+ 2 32.18 /|4+ 18\— 10/4 4 23.50/—3/60.9 
4 22.2400 |17.8987 I+ 1)/— .8/+4+ .1 /40 34 33.60/4 1 49.65 |+ 15) — 4/4 8 23.389|—4 
5 23.0067 (17.4190 |+ 6]— .7 |—1.6 /40 34 1.89/+ 2 21.14 /4+ 17/— 31/+ 4 22.93|—4/60.8 
6 22,8443 (21.4618 {+ 17/—1.-7|— -8 |40 35 48.06/+ 384.98 |+ 12/— 37/+ 1 22.80|—4 
7 11.7258 |31.2367 |+171) +2.2 |-+1.4 |40 28 8.87/+ 8 13.22 |+ 46/+ 62/415 23.22/—4 
8 8.7780" |33.8047!" |+- 29) + .5|— .8 |40 26 2.14)4+10 19.54 |41.36,— 2/418 23.20)—5 
9 13.4150 |26.1447 |— 16) +1.2|-+ .4 |40 81 1.85)4+ 5 21.47)/+ a82/+ 24/4 9 23.47/—5/60.6 
10 26.8893 |16.2657 |--100)-+ .8 | -+1.5 /40 40 52.18\— 4 28.57 |— 9/+ 82)—11 23.68)/—5 
iO0s oak 21.8517 |22.1893 |+ 5|/— .6 0 |40 86 31.44)— 8.54 /+ 12)/— 10) _0 22.92/—5 
2 22.2000 [22.4487 |+ 3/+2.0|+2.8 /40 36 16.49)+ 6.16 |+ 10)+ 68) 0 23.43/—5/60.6 
38 29.7107 |11.8367 |+ 82) —1.0 | — .2 /40 28 50.87/+ 7 31.65 |4+ 43/— 18/+138 22.90|—6/61.1 
June 4 20.6523 /24.4223 |+ 56) +1.3 | +1.9 |40 37 57.42);— 1 35.36 |4- 2/4 44/— 3 22.49; —6/60.9 
20 {IX 3] D 23.5628 16.7420 |—393) + .6|-+1.1 |40 89 14.04,— 2 51.24 |— 8/4 24/— 5 22.91/+-6/83.8 
5 20.2863 /16.6983 |— 382}— .38}-+ .2 |40 37 53.58|\— 1 30.52 0j— +=2— 8 23.01|-++5/84.4 
6 18.6820 |20.8810 |— 5|—1.0|—1.9 |40 87 5.98\— 42.89|+  6/— 40|\—1 22.69|/-+-4 
uy 32.7687" | 8.46208 |+ 16 0}-+ .6 /40 46 38.77/—10 13.85 |—1.24/+ 8/—18 23.58)-+-5/83.9 
x al 13.6048 /26.7057 |+ 12)+ .5|+41.0 |40 41 53.64/— 5 30.88 |— 20/4 . 20/— 9 22.67/-+-4 
2 9.3763! |28,9913!" 0) — .2;— .4/40 28 6.59/+ 8 15.83 |+1.29\— 8/417 23.30|+-4/83.4 
8 19.0643 921.2557 |+ 2)/— .8)— .1 |40 35 28.17/+  55.34/+ 10\— 6/+ 2 23.57/-+4 
4 12.9447 |27.6500 |+ 27|-+ .1 0 |40 80 10.12/+ 6 11.42 |4+ 387/+ 2/+10 22.08|-+-4/83.5 
5 80.8617" | 8.91074 |—  3/41.5 |-+ .9 |40 45 26.17/— 9 1.69 |—1.13)+ 386/—21 23.50|/+-3/83.2 
6 22.0080 |18.1897 |+ 1)/— .1/+ .8 /40 34 45.11/+ 1 37.68 |+ 15/4 2/4 3 22.99/-++-3)82.7 
7 14.3770 |25.0283 |— 18)-+ .2 |—1.8 |40 31 54.27/++ 4 28.81 |+ 28)— 14/+ 8 23.30) +2 
8 30.8980 | 9.9543 |+ 22)+ .9 |-+1.1 |40 44 59.71/— 8 86.27 |— 35)+ 28/—14 23.23)-+-2 
9 29.4010 |11.1743 |+ 81)+41.0|-+1.8 40 44 3.34/— 7 40.85 |— 380/+ 388\—14 _ 22.93 -+-2|82.0 
June 10 6.94738! 181.7627" |— 18] — .8|— .8 /40 46 51.26/—10 26.61 |—1.25;,— 9/—18 23.13/+-1/80.8 
23 |IX 3] R |16.2863 |23.0393 |— 18) 8.1 |—2.8 |40 39 14.58/— 2 50.52 |— 8/— 8b|— 4 23.09)-+-6/69.3 
4 18.9468 {19.8590 |— 4/—2.5 |—3.6 |40 86 0.65/+ 28.04/+ 8\— 85) 0 22.92/-+-6/68.3 
5 19.3293 |22.8783 |-- 23] —1.8 | —8.8 |40 37 53.41/— 1 29.69 0Oj— + h\— 8 22.93/-+5 
6 22.4823 |20.7810 |-+ 16/—1.9 |—3.7 |40 87 6.50;— 48.00|+ 6/— 76)— 1 22.79/16 
7 8.708% |88.0227" |-+ 22} 1.9 | —8.8 |40 46 39.43)—10 14.13 |—1.24)— 72/18 28.16|+-5167.1 
X 1] |26.9540 |13.8840 [+ 32)/-+ .4 0/40 41 54.29/— 5 31.44|— 20/4 6/— 9 22.62|-+-5/66.4 
2) (81.1440! 11.5647" |—  4)411.8]+ .6 [40 28 7.25/-+ 8 14.48 |+1.29/+ 86/116 23.54/44 
3| (22.4813 |20.8107 |-+ 17/+1.8 | +2.9 [40 35 28.91/+  53.60|+ 10/4 65/+ 2 23.28|+4 
4| 27.8917" 118.2493 |— 17/+1.2 | 41.2 140 80 10.89/+ 6 9.94 |41.18/+ 34/410 29.45/14 
5 10.4913% |31.9447%" |4 9) —2.1 | —1.6 |40 45 26.84, 9 1.84 |—1.13)— 54/—21 23.12/-+-3)65.9 
6 19.5880 |23.8507 |+ 82)/42.2 /+1.9 |40 34 45.88)4- 1 36.387 |+ 15/4 59)/+ 3 23.02/-+-3)/65.1 
“| 126.8043 |15.7270 |-+ 63|-+1.5 | +1.3 |40 81 55.13/4+ 4 27.801+ 27/+ 40/+ 8 23.18/+8/66.4 
8 10.6707 {31.1873 |+109]— .1/+8.7 |40 45 .0.55|— 8 37.18 |— 385) 45/—14 23.33 +2 
9 11.1797 |29.4040 j+ 381)/— .5 0 140 44 4.20\— 7 40.385 |— 30\— 814 23.33] +2)/66.2 
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Levels Corrections 
1898 | Pair || P Micrometer C % (6+ 8’) Latitude 
A B Micrometer 6 1 r 

June : ; S in eee. ona Wah 
SB) | BIO ARS 33, 2763'" 8.4173 |4+ 25) +1.3 | + .1 40 46 52.17;—10 27.89 |—1.25|/4  22/—19 /40 36 23.06 
I 4) D {18.0063 /22.2980 |+ 4)—1.7|—1.8 |40 34 35.36\/+ 1 48.28 |+ 15\— 50/4 3 23.32 
5 17.8153 |23.3337 |+ 19) + .4|/+ .6 |40 34 3.63)+ 2 1942/4 17/4 14+ 4 23.40 
6 18.0663 |19.4287 |— 9|—1.4 | —8.2 |40 385 49.62/+ 8439)+ 12)/— 68/+ 1 23.51 
8 31.6207%" | '7,1690% |\— 16) — .6 | — .6 |40 26 3.82/10 17.52 |41.36\— 17/118 22.71 
9 26.5480 |13.9097 17; + .8|+1.4 /40 31 3.00/)+ 5 19.24 /4 81/4 30/+ 9 22.94 
10 14.2050 (24.8890 |—- 29) —2.5 | —2.4 |40 40 58.46/— 4 29.77|— 9/— ‘70/—11 22.79 
GG 19.4183 |19.0180 0} +1.5 | + .38 |40 36 82.75— 10.11/+ 12/4 28 0 23.04 
June 2 19.2223 |19.0240 0) — .3 0 |40 36 17.83)+ 5.01 |+ 10\— 5 0 22.89 
24 TX 3) D230947 1b 301i i= 3) ew 0 [40 89 14.75\— 2 51.48'— 8i— 11|— 4 23.09 
4 21.0437 |20.1627 3)/+ .6/+ .5 |40 36 0.85)+ 22.26/14 84 16 0 23.35 
5 21.5587 {17.9527 |— 4/+1.0)/+ .38 |40 37 53.57/— 1 31.06 0+ 20\— 3 22.68 
6 (18.5973 20.8283 |— 5)— .6|—1.5 |40 87 5.94, 43.70)+ 6\— 27-1 22.02 
7 32.4180" | 8.0760# |+ 7] — .2|—1.1 |40 46 89.65|—10 14.'79 |—1.24|— 17/18 23.27 
pXaaee! 14.3093 |27.4360 |+ 68/4 .6 0 |40 41 54.538\— 5 31.69 |— 20\+ 10\— 9 22.65 
3 18.5103 (20.6667 |— 5)+ .8)— .3 |40 35 29.164 5445/4 10+ 1/4 2 23.74 
4 12.3460# |27.0160 |4- 11) + .1|)+ .4 |40 30 11.15/+ 6 10.58 |+1.18/+  6)/-+10 23.02 
5 30.2443'7 | 8.76334 |— 5)— .6 | —1.1 |40 45 27.07/,— 9 2.50 |—1.13|— 24/—21 22.99 
6 21.0077 |17.1453 |— 22) —1.6 | —2.5 /40 34 46.15/4 1 87.49 |4 15\— 57/4 8 23.25 
a 15.1483 [25.7557 |-+ 28) —2.3 | —3.2 |40 31 55.42/+ 4 28.10 /+ 28/— 774+ 8 23.11 
8 29.8363 | 9.8560 |— 50) — .8 |— .3 |40 45 0.85|— 8 87.11 |— 35|— 16/14 23.09 
9} 29.8647 [11.1307 |+4 28]—1.7|—2.6 |40 44 4.50\— 7 40.58|— 30|— 60|\—14 22.88 
June 10 6.4433" |31.29777 |— 33] —2.1 | —3.3 |40 46 52.49/10 27.63 |—1.25|— 75|—19 22.67 
28 |[ 5| R (22.9583 |17.4777 |4 6)—1.5 | —2.5 |40 34 5.85/+ 2 18.44/41 17\— 56/4 4 23.44 
6 22.6363 (21.3697 |-+ 15/— .2)— .7 40 35 51.17/4+ 32.03|4 11/— 12/4 1 23.20 
q 11.5000 (30.9850 |-+-139) —1.5 | —2.4 /40 28 12.10/\4+ 8 11.24/+ 46— 54/415 23.41 
8 9,3090# |33.7343" |4+ 40] —1.7 | —2.6 |40 26 5.50|-+10 17.04 /41.36/— 60/118 23.48 
9 15.1450 . (27.7258 |+107| 4-1.3 | 41.3 |40 31 4.674 5 18.02 |4+ 31/4 37/4 9 23.46 
10 27.4343 |16.7430 |+132|-—1.6 | —2.0 |40 40 54.86|\— 4 80.87|— 9|— 50/11 23.79 
II 1, 21,6248 (22.0480 |+ 6)—1.3 | 1.3 |40 36 84.14, 10.72/+ 12\— 37 0 23.17 
2 21.4737 21.6248 0] + .3 0 |40 386 19.26)/+- 3.80 |+ 10/+ 5 0 23.21 
3 30.0330 |12.2637 |+119) —2.0 | —1.9 |40 28 53.74/+ 7 29.12 |+ 438/\— 56/114 22.87 
4 21.1680 (25.0107 (+ 70|— .9|— .7 |40 88 0.07|\— 1 87.28 |+ 2\— 24\— 3 22.59 
5 30.5647" |12.2340" |— 13) —1.0 0 |40 28 38.98/+ 7 42.97 |411.24\— 16/113 23.16 
6 9.9397# |30.7207%" 0) — .5 | —1.5 |40 27 86.87/+ 8 44.88 |11.28\— 27/114 22.90 
| |29.'7860% |18.3897 |— 34|— .2|-+ .1 /40 29 27.2214 6 54.07 |41.19\— 2/412 22.58 
June 8 14.1658 |28.7677 |+126) +1.3 | +2.3 |40 42 32.49, 6 9.15 |— 22/4 50/—10 23.52 
30 I 5] D /17.9690 (23.3910 |+ 23) +41.0 0 40 84 5.96)+- 217.01 |+ 174+ 16/4 4 23.34 
6 19.4397 |20.6548 |4+ 1) +1.2)+1.9 {40 85 51.78/4+ 80.68/+ 11/4 43/4+ 1 22.96 
my 30.6453 |11.2793 |+110/— .9|— .7 /40 28 12.69/\1 8 9.41 |+ 46/— 24/115 22.47 
8 33.0570" | 8.70308 |+- 23) — .2)+1.0 |40 26 6.11/+10 15.17 |4+1.36/4+ 10/418 22.92 
3 28.1040 /15.5843 |+-136] +2.4|}+1.2 |40 31 5.291 5 1656/4 3s81/+ 53/4 9 22.78 
10 14.6523 |25.4370 |+ 3)/+1.4|+1.6 |40 40 55.87\— 4 82.40/— 9/+ 42/—11 23.19 
IG oa 19.5570 |19.0677 +2.1|-+1.5 |40 36 34.66,— 12.36|+ 12/+ 52; 0 22.94 
2 19.8407 19.7208 0} + .8 | — .2 /40 36 19.57/+ 3.04 |+ 10)+ 10 0 22.81 
3 11.0717 |28.8040 |— 5/+ .6]— .9 |40 28 54.31 + 7 27.85 |+ 43)— 2/114 22.71 
4 21.1603 |1'7.2820 |— 19}— .1|— .3 |40 88 0.60/— 1 37.92 + 2— 6—3 22.61 
5 11.1793% 29.4767" |4+ 0) -+ .8/+ .9 |40 28 89.54/+ 7 42.14 +1.24)/1+. 16/413 23.21 
6} |30.3803'"| 9.6393# 0} — .4|— .5 [40 27 37.42/+ 8 43.86 |-11.28\— 13/414 22.57 
7 12.2943 28.6728" |— 11) 12.2 | 11.6 |40 29 27.77 + 6 58.64 |+1.19)+ 55)+12 23.27 
July 8 26.9360 |12.2847 |— 33) +2.4|+1.4 |40 42 33.01I— 6 9.96 /— 22 + 56|\—10 23.29 
2 eR 27.1200 13.9180 |+ 39/+ .9|-+ .5 /40 41 55.87\— 5 33.52 |— 26/\+ 20/—10 22.19 
2 31.4883" |11.98304% |—  5|-+ .6|+ .3 |40 28 8.74 -+ 8 12.60 |+1.86/+ 14/416 23.00 
3 22.1057 20.0393 |-+ 13)-+ .6 | +2.2 |40 35 80.62/+ 562.22 /+ 11/+ 38/+ 2 23.35 
4) |28.5748¥" 18.9883 |— 41) +1.4 | 13.0 |40 80 12.72|4 6 8.26 |41.23/+ 60/+10 22.91 


La ee oe 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 309 
Levels Corrections 
1893 | Pair Micrometer Cc % (5 + 8) Latitude A | Ther 
A B Micrometer t) 1 r 
July = ; ak V1 Oy aif d/ 
Pal Gon ta} 10.6040# }32.1407!" |+ 11);— .1/+ .9 /40 45 28.38\— 9 3.94 |—1.22/+ 10/—21 |40 36 23.11|-+-4/72.0 
6 19.7380 |28.4900 |-+ 386;+ .9/}+1.0 |40 34 47.77/+ 1 384.85 |+ 16/-+ 26 3 23.07/+-4/71.3 
q 26.7347 |16.2197 |+ 91) — .8 | —2.1 |40 31 57.27/+ 4 25.79 |4+ 82),— 32/+ 8 238.14 +4/71.2 
8 10.2417 |30.8210 |+ 64)/+ .9|+2.6 /40 45 2.71/— 8 39.90 |— 48)-+ 47/—16 22.69|+3 
9 12.0870 |30.4140 |+136) + .9|+1.8 |40 44 6.42;— 7 43.20 |— 37\-+ 87|—14 23.08/+3/71.4 
10 32.8347" | 7.86774 |+ 12) +2.1 | — .4 |40 46 54.59/—10 30.58 |—1.35/+ 28/—19 22.75/13 b 
xa 30.4047 114.0477 |+215 0 | —2.1 |40 43 17.62\— 6 53.64 |— 29\— 27/—15 23.27|-+-2/69.6 
2 8.9947% |33.7710%¥ | 40; — .8 | — .6 |40 46 50.78/—10 25.83 |—1.29|— 20|/—24 23.22) +2/68.6 
3 §.9437# |33.71'73" |-+ 38] +2.0 | +3.2 |40 25 55.51/+10 25.76 |+-1.46)/-+ '72/4-18 23.63/-+2/68.4 
4 7.0167# |31.6500%" |— 18 6 .8 40 26 0.09)+10 22.07 |+1.46/+ 20/-+18 24.00)/-+1/69.4 
5 2.4960 134.9680" |— 93] +1.9 | +8.2 |40 22 41.24/4-13 89.85 |+1.66/+ ‘70/425 23.70/--1 
6 26.8447 |15.4897 |+ 79/4 .6 | +2.3 |40 31 35.20|+ 4 46.97 |4+ 84/4 39/410 28.00)/--1 
7 19.1687 /|22.9393 j-+ 23)-+ .8/-+41.4 |40 37 58.11/— 1 35.28 |— 3/+ 30/— 3 23.07) 0/69.5 
8 22.6038 (20.9513 |+ 18} +1.1)/— .8/40 87 4.51),— 41.76/+ 3/4 13/— 1 22.90) 0 
Fai 1 17.8053 (24.4633 |-+ 45} —1.0 | —1.9 |40 38 35.40/-+ 2 48.26 |+ 22 40|+ 5 23.538] 0/68.6 
wy 
Oy a6 21.9923 |20.8283 |+ 9) -+2.0]+1.3 /40 85 53.02)+ 29.55 |+ 12/4 48/4 1 23.18|-—2]/69.3 
; im 11.2987 |30.5943 /+108}-+1.3 | + .3 |40 28 14.06)+ 8 7.59|+ 53)/+ 24/415 22.57/—2 
8 8.1627 |82.4820 |+ 9/+1.9}-+ .5 40 26 7.55)+10 14.22 |+1.45\4 36/+18 23.76/—2|67.9 
9 15.0097 |27.5170 |+ 91)-+1.2)+1.4 |40 31 6.73)+ 5 16.11 |)+ 36/4+ 36/+ 8 23.64/—3|67.7 
10 28.2990 {17.5080 |+186)— .1|-+ 73 |40 40 56.54|— 4 33.00 |— 18/4 2/12 23.31|—3]67.8 
J al 22.5587 (23.0617 |+ 8)/+ .8/-+1.4 |40 36 35.83/— 12.78 12)+ 22 0 23.44/—3 
2 22.8680 /22.9290 0} + .4/-+ .4 |40 86 20.96/+ 1.67 |+ 10)/+ 11 0 22.84/—3)/67.8 
3 30.2188 |12.5817 |-+142) —1.5 | —1.9 |40 28 55.58/-+ 7 27.05 |+ 50\— 47/114 22.80|—4|67.75 
4 19.8120 -/23.2320 |+ 31) —1.3 0/40 88 1.78\— 1 39.08/+ 1/— 20/— 3 22.48/—4|67.9 
6 9.5040! |30.1910i” 0] +1.8 | +1.0 40 27 38.68/-+ 8 42.46 |+1.36/4+ 40/415 23.05/—5 67.4 
rd 28.9993" |12.6640% |— 20] 41.2] + .6 |40 29 29.00/+ 6 52.50 |41.27/+ 26/412 23.15/—5 
July 8 15.0847 |29.6753 |+204| + .8|-+1.9 40 42 34.17/\— 6 10.27 |— 1 23)/4 28\/—11 23.84/—5/66.9 
tee Ee 91) 14.1410 |27.3887 |-+ 57|/— .9 | —2.2 |40 41 56.78|\— 5 33.44 |— 26|— 42/—10 22.56)+-6/72.0 
2 9.8157% |29.30971" 0| — .4 | —1.2 /40 28 9.59/+ 8 12.31 |+1.36/— 22/416 23.20/+-6 
3 19.1900 (21.2518 |+ 3/— .4/—1.5 |40 35 31.59/+ 52.07 |+ 11/— 25/4 2 23.54)+6)/71.9 
4 12.8797 |27.45538” |—  6/-+ .1|-+ .3 /40 80 13.75)+ 6 8.09 +1.23)+ 6/+10 23.23)/+6 
5 30.8040%7 | 9.233834 0|+. .4 0/40 45 29.25\— 9 4.76 |—1.21/+ 6|—21 23.13)-+5/71.9 
6 22.2947 118.5907 |-+ 11/+ 8/-+41.1 |40 34 48.84/+ 1 33.57 |- 16/4 18/4 3 22.78) +-5|72.0 
iG 15.1987 /25.6657 |+ 28!-+ .6 0/40 31 58.47/+ 4 24.41 |+ 31/+ 10/4 8 23.37\/+5 
8 30.1657 *| 9.5700 j|— 17 0|/— 4/40 45 3.90 — 8 40.10 |— 41\— 5|—16 23.18)/+-4|71.9 
July 9 29.8167 |11.4480 |+ 67)+ 1|/— .4|40 44 7.65|\— 7 44.19 |— 37/— 4/14 22.91/+-4/71.9 
OPS EX 1 27 2673 |14.04638 |-+ 58)/+ .6|-+ .1 |40 41 57.12)— 5 84.03 |— 26/+ 9/—10 22.82|+-7/71.8 
2 30.8357" | 10.8540 0) + .4|-+1.3 /40 28 9.92/+ 8 12.01 |+1.36/+ 22/+16 23.67 +6)72.4 
3 21.5233 (19.4820 |+ 5) — .6|—1.8 |40 35 31.97/+ 51.57 + i11/— 32)/+ 2 23.35|-+6 
4 28.4437" /13.8733% |— 37) —1.8|— .5 |40 30 14.16/+ 6 7.89 |+1.23\— 34/+10 23.04/+-6 
5 9.34731 |30.8893'" 0} —1.3 | —2.2 140 45 29.61/— 9 4.05 |—1.22/— 48/—21 23.65) +5/70.1 
6 21.7017 117.9718 |— 4|— .7|—1.8 /40 34 49.27/+ 1 34.20 |4 16/— 28/4 3 23.38]-+5/69.0 
7 15.8583 |25.8387 |-+- 35) —1.9 | —3.7 |40 31 58.96) 424.77 |+ 32\— 76+ 8 23.87/15 
8 99,8523 | 9.2583 |— 56/—1.1 |—2.0 |40 45 4.40/— 8 39.97 |— 43/— 42/—16 23.42|-L5 
9 29.2620 |10.8830 |4+ 7+ .9 +1.1|40 44 8.17/— 7 44.19 |— 37/+ 28\—14 28.75|-+-4/68.8 
10 7.8480! |32.8757'" |4+ 10) + .2|— .2 |40 46 56.49/—10 32.11 |—1.35 0)—19 22.84 +4 67.6 
XE 1 11.8877 27.8567 |— 85|/-+ .4|-+ .6 |40 43 19.37)— 6 55.84 |— 29/+ 14;—15 23.23 +8 67.8 
2 31.4710!" | 6.57534 |— 28) +1.1 | +1.2 |40 46 52.56/10 28.68 |—1.80|/+ 32/—24 22.66 +3 67.0 
3] ~ (38.2780 | 8.5813" |+ 28) +1.8 | +-1.6 40 25 57.60|/+10 28.67 |+1.46/+ 48/418 23.39/+-3/67.8 
4 32.9078%" | 8.40104 |4+ 17; +38.6 | +38.4 40 26 2.19 -+10 18.95 |-+1.46/-+1.00|/+-18 23.78/-+-2 
5 32.9877i" | 0.5640t |—237/ — .61-+ .8 40 22 48.32/-+13 38.27 +1.66,— 6/+25 23.44|-2|67.6 
6 14.1247 |25.4813° |— 17/— .6|—1.0 40 81 87.26/+ 4 45.51 |+ 384/— 22)/-+10 22.99|+-2 
ye 22.7420 |18.8887 j+ 19)-+ .5 | — 8140 88 0.82\— 1 87.86/— 3)— 2/3 22.88)-+-1 
8 19.6200 {21.8637 |1+ 4)/—2.0|— .4 40 388 6.66,— 44.05 /+ 2/— 36/— 1 22.26)/+1)/67.6 
1 ak 28.4980 [16.9770 |+ 10)+ .2/-+ .2 40 88 37.66|-+ 2 44.59 | 21/+- 6+ 5 22.87|-+-1/66.6 


360 THE SAYRE OBSERVATORY. 


Levels Corrections 
1898 | Pair | P Micrometer C 4 (6+ &) Latitude 
A B Micrometer 6 l r 

July On W Oak Se 
9 {I 6] D /19.6533 |20.8070 0| — .8|— .8 |40 85 54.80/4- 29.14/-+ 12/— 8+ 1/40 36 23.49 
"| 129.5663 |10.2850 |— 8] —1.6 | —1.5 |40 28 15.39/48 6.95|+ 53/— 44/+15 22.58 
8} 32.8947 | 8 68g |+ 20] +3.3 | +4.0 |40 26 8.94110 11.56 |-+1.45/-+1.02/+-18 23.15 
9| |26.9150 14.4367 |+ 47/—1.9 |—1.5 /40 81 8.11/4 5 15.28/+ 36I-- 48/+ 8 23.35 
10} 13.0993 /23.9783 |— 95/-+ .2 0 \40 41 57.69 4 34.523 |— isi4- 3/12 22.95 
Il 1] |20.8840 |19.'7817 0] -+ .5 0 |40 86 36.98\— 13.95/+ 12/+ 8] 0 23.23 
2| 120.0617 20.0248 0} — .8.|\— 2% 140 86 20:44i2— | 90.04 2. 10rd) 0 23.04 
8  |10.5847 [28.1950 |— 67/— .1|—1.1 /40 28 56.82/+ 7 25.86 |4+ 49/— 16/114 23.15 
4| 121.2287 |17.2670 |-- 19]/— .7|—2.0 /40 88 2.93|— 1 39.89 0i— 36\— 8 22.65 
5] {11.9113 30.1110 |+109/— .1|/— .4 [40 28 42,05/+ 7 39.93/4+ 50I— 6/+13 22.55 
6} |30.0493'" | 9,38653% 0} —2.8 | —2.1 |40 27 89.88/+ 8 42.40 |+1.36/— '70/-++15 23.09 
8} |28.0423 |18.3577 |+ 60/— 0|— .6 |40 42 35.28|— 6 11.03 |— 28\— 8|—11 23.78 
July {III 1] {17.8677 [25.1443 |+ 57/— .8|— .9 /40 39 40.23|— 8 16.55 |— 18\— 24/— 5 23.26 
10 |X 1/ R [27.0117 (18.7987 |+ 31/—1.2|—1.3 140 41 57.26\— 5 33.78 |— 96\— 35/—i0 22.77 
2} |81.6203' |12,11'774 | 5| —2.2 | —2.1 |40 28 10.06/+ 8 12.55 |41.86/— 61/416 23.52 
8] [23.8857 /21.82438 |4 30] 2.0 | —1.6 |40 85 82.12/+  52.14/4 1ij— 52/4 2 23.87 
4  |27.9373'" |13.8770% |— 23) —3.8 | —2.4 |40 30 14.84/+ 6 7.68 |+1.23\— 82/+-10 22.58 
5} 12.4 700% |384,0323'" | 4. 29) —1.0 | — .8 |40 45 29.76,— 9 4.65 |—1.22|\— 26/—21 23.42 
6} |19.9010 |23.5767 |+ 39/+ .7|}+ .5 |40 34 49.46/+ 1 82.94 |/+ 16/4 18/4 3 Ck: 
7 (24.5070 [14.0523 |— 43/+ .8/— .8 140 31 59.18/-+ 4 23.98 |+ 31 o|+ 8 23.50 
8 9.6480 |30.2830 |— 4/— .1 0140 45 4.63\— 8 41.15 /— 44 9/16 22.86 
9 9.5783 |27.9903 |—182)—1.5|— .6 |40 44 8.41/-— 7 44.69/— 37\— 30/—14 22.91 
10| /82.5910%" | 7.5593% 0} — .8 | —1.6 |40 46 56.75/10 32.20 |—-1.35|— 33/19 22.68 
XI 1) = [29.5880 {18.1247 |4+130) + .1]— .2 /40 43 19.62/— 6 56.13 |— 30\— 1\—15 23.08 
2 8.84674 33.6790" |-+- 37) —1.3 | —1.6 |40 46 52.82 —10 27.26 |—1.30\— 40/—24 23.62 
3 7.42804 32,1093 |— 8) +-1.8 | +2.1 /40 25 57.93/+10 23.83 |11.46-+ 55/418 23.45 
4 6.95808 31.4873" |— 20) + .2|41.8 |40 26 2.50)/-+10 19.46 |+1.46)/+ 26/118 23.86 
5 2.8760# |85.2710" |— 67) + .9| + .8 |40 22 43.63)+13 38.01 |+1.66/4 18)4-25 23.73 
6) [25.2790 |18.9863 |— 25] —1.8 | —1.0 |40 31 37.57/+ 4 45.15 |+ 84/— 40/410 22.76 
7 (17.8810 /21.2200 |— 18}+ .2|+1.6 |40 38 0.651 38.18/— 3-4 24/— 3 22.65 
8} {21.8848 [20.0823 |4+ 10) +1.4|— .2 /40 87 7.00\— 44.27/+ 2/4 19\—1 22.93 
I 1) _ 16.3867 {22.9180 |— 15)+ .2|— .5 |40 33 38.00/+ 2 44.79 |+ 22)— 4/4 5 23.02 
IIT 1) R [21.6597 |22.2307 |+ 7+ 6/-+ .4 40 86 37.29/— 1444/1 12/4 14 0 23.11 
2)  |22.8490 |22.3663 0} +1.2 |— .4 |40 36 22.46/+ 0.44/41 10/4 14) 0 23.14 
3} 29.6337 |12.0000 |+ 86) —2.1 | —2.2 |40 28 57.16/+ 7 25.59 |+ 49|— 60/+14 22.78 
4; 20.3820 [24.2683 |+ 54] —1.4 | —2.5 40 38 3.25 1 89.56 |+ 1/— 54/8 23.138 

5]: |28.67134" |10.4980% |4+ 3) — .8 | +1.2 |40 28 42.40/+ 7 89.01 |4+1.31/4+ 3/413 22.88/—4 

6 9.5130# |30.1497%" O}-+ .6|+1.4 |40 27 40.21/+ 8 41.23 |41.36/4+ 28/115 23.23 
7 28.8140" |12.0343% | 8/4 .8/+ .1 /40 29 30.50/+ 6 51.17 |41.25/+ 6/412 23.10 
8| 12.2887 |27.0188 |— 31/-+ .2 0 |40 42 35.60\— 6 11.95 |— 28/1 3/—11 23.29 
9} [22.5473 [20.4667 |4+ 18] —.9 |—1.0 |40 37 15.87|\— 52.59/+ 7 26\— 2 23.07 
III 1} {23.8270 {16.0807 |— 38/+ .7|/— .4 /40 39 40.53|— 3 16.90|— 13/4 6|— 5 23.51 
July 2} — 88.1627" | 4.0877 |— 73) —2.8 | —1.7 140 24 7.73/412 14.15 |41.58\— 57/28 23.12 
11 |X 1) /18.8583 |27.1150 |+ 38! -+2.9 | +2.9 |40 41 57.39/— 5 35.02|— 26/4 62I—10 22.63 
2} — |10.'7100# |30,1543! 0/+ .9|-+ .8 /40 28 10.17/-+ 8 11.07 |11.36/+ 18/+16 22.94 
3} /19.0660 |21.0820 O/+ .7|+ .8 /40 35 82.264 50.91 /4+ 11/4 21/4 2 23.51 
4)  /12.3480% 26,8707" |4+ 18) 11.38 |— .1 |40 30 14.49/+ 6 6.80 /41.23/+ 18/410 22.80 
5} —-|80.4780'" | 8.8593 0} -+ .5/}+1.9 [40 45 29.89, 9 5.98 |—1.22/+ 32/21 22.80 
6) [22.0467 /18.8890 |+ 3/—2.1 |—2.4 |40 34 49.63/+ 1 33.64/+ 16/— 63)/+ 3 22.83 
7) = |15.8743 [26.2830 |+ 67] + .4 0 40 31 59.39/+ 4 23.04/+ 31/4 6/+ 8 22.88 
8} 80.6780 {10.0310 |+ 44/41.6!+1.1 40 45 4.84/— 8 41.55/— 44/4 39/16 23.08 
9) 29.2180 [10.7777 0/-+2.4|+ .9 |40 44 8.68\— 7 45.58 |— 37/4 48/14 23.02 
10 7.23404 |32.2860'" |— 9) —1.2 | — .1 |40 46 56.99/—10 82.66 |—1.35/— 20/—19 22.59 
XI 1)  |12.0873 28.5880 |+ 33/41.8/-+ .7 |40 48 19.85|— 6 56.81 |— 30/+ 29\—15 22.88 
2)  |80.4047'" | 5.49174 |— 59| 11.6 | 41.2 |40 46 53.07|\—10 29.03 |—1.30/+ 38|—24 22.88 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 361 


Levels Corrections 
1898 | Pair | P Micrometer Cc 4 (6+ 0) Latitude A | Ther. 
A B Micrometer C) U) r 
July OMe ee Ol We 
16 |X 1|R (27.6787 (14.4277 |+ 83)/-+ .4 0 40 41 57.86 — 5 34.85 \— 26/4 6/—10/40 86 22.71/-+-7|77.8 
2 31.8787!¥ |12.4063% |— 7) —1.8 | —1.5 |40 28 10.61/+ 8 11.73 |41.36)— 47/+-16 23.39|+7 
3 22.2077 (20.2197 |+ 14/— .1/+ .1 /40 85 82.82\1 50.24|/+ 11 O|+ 2 28.19|-+7 
4 28.1850'" |13.6463!% |— 30) —2.6 | —2.8 |40 30 15.11\+ 6 7.08 |11.23\— ‘76/410 22.76|--7 
5 10.5920% |82.2098%" |+ 18 0 0 |40 45 80.388/— 9 5.95 |—1.22 Oj —21 23.00) 6/77.8 
6| {19.9897 28.6220 |+ 39|+ .8/-+ .9 [40 34 50.81/+ 1 33.09 /+ 16/+ 16/4 3 23.'75|-+6| 
qi 26.7013 |16.2867 |+ 92) —2.4 | —1.6 |40 82 0.21/+ 4 23.24 /+ 81/— 58/4 8 23.26|/+-6/77.7 
8 11.0117 |31.6497 |-163| —1.0 | —1.2 |40 45 5.68/— 8 41.60 |— 44/— 31/—16 23.17|+-6 
July 9 11.4950 (29.9080 |+ '74|— 5 |— .7 |40 44 9.51\— 7 45.06 |— 87/— 17/—14 23.77|-+5/|76.0 
17 |X 9) D |29.4588 (11.0188 |-- 27;—1.1|}— .7 |40 44 9.71;\— 7 45.88 |— 287\— 26/—14 23.06|++5|75.0 
10 7.7450! 132.8463” |+ 7/— .4|)-+ .8 |40 46 58.22/10 33.94 |—1.35/+  4/—19 22.'78|--5/74.4 
a al 11.3107 |27.8583 |— 40/+ .7|-+ .8 |40 43 20.97\— 6 57.67 |— 30/4 21)—15 23.06) -+4/73.4 
2 31.1647!" | 6.2857 |— 39] —1.1 | —1.5 |40 46 54.24/10 29.47 |—1.30/— 36/—24 22.87)-+-4/73.1 
3 32.5980" | 7.94134 |+. 7| —2.7 | —5.2 |40 25 59.68/10 22.71 |-1.46)/—1.08|+-18 22.95|-+4 
4 32.4567!" | 8.0087# |+ 8) + .7|}-+1.0 [40 26 4.25/10 17.44 |11.46/+ 24/418 28.57|/-+4 
5 34.2337" | 1.89138! |—141| — .3 0 |40 22 45.39/4138 36.43 |+1.66/—  4/+25 23.69|+3 
6 13.3687 |24.6287 |— 68] —1.5 | —1.4 |40 31 39.38/+ 4 44.07 |+ 34\— 41/10 23.43|+3)/71.4 
7 21.1387 |17.1987 |— 20 0/+ .3 40 88 2.57,— 1 39.45|— 3-4 4/—38 23.10)+3/71.4 
8 19.0943 |20.9577 0) +2.0 |} +3.6 |40 87 8.97/— 47.06/41 1/4 TWi—1 22.68|-+2 
ie al 23.9377 17.4987 |+ 27| —1.4 | —1,8 |40 33 40.02/1 2 42.81 |+ 21/— 388)/+ 5 22.71|-+2/71.2 
II 1} D |20.0883 |19.4597 0) — .7 | —2.1 140 86 89.17/— 15.88\|+- 12\— 38) 0 23.03|—2)70.4 
2 19.5080 |19.5173 0) —5.2 | —5.4 |40 36 24.40|— 0.36 |+ 10)—1.50 0 22.64/—2 
3 10.8740 |28.4550 |— 85) — .4 | —2.1 |40 28 59.26/+- 7 28.92 |+ 49/— 33/414 23.48|—2|70.3 
4 Dia elie aL OOn == 10-1 sa td 40) 38) Qld 42°40 0+ 22\— 3 22.99|—2 
5 11.1807# |29.2797!" |\— 2) + .2 9 |40 28 44.54|+ 7 87.09 |+1.30 14/13 23.20|—3/69.8 
6 30.0727" | 9.51008 0| — .7 | —1.7 |40 27 42.34) 8 39.32 |11.85|— 32/15 22.84|—3/70.0 
7 11.1977# 127.3738" |+ 19) +2.0 | +1.0 |40 29 82.60|/-+ 6 48.57 |11.25)+ 44/412 22.98) —4 
8 26.4617 |11.6497 |— 84 +1.3|}-+ .4 |40 42 37.60 — 6 13.86 |— 28/4 25)—11 23.60/—4|69.6 
9 18.4757 (20.6503 — 5'/+ .8|/— .8 40 3717.65 — 54.91 |/+ 7— 6)— 2 22.'73|\—4 
Be a 16.8170 (24.1957 |-+ 11 0 | -+1.4 |/40 39 42.49, 3 19.00 '— 13-4 i18'— 5 23.49|—4 
2 8.657741 182.6450" |— 99 0|— .4 140 24 9.61/112 11.83 |1.58;—  5/+28 23.20|—4|69.4 
July 3 24.6450 |18.9470 |— 44|-+ .4 0 |40 40 53.38\— 4 30.07 |— 19/+ 6\— 9 23.09,—4 
18 |X 1/D /13.3483 /26.6150 |— 4/+1.4 | +2.2 |40 41 58.10\— 5 35.15 |— 26/+ 50/10 23.09) -+-7/77.0 
2 10.0723 |29.5023!" 0; +1.2 | + .6 40 28 10.84/+ 8 10.69 |41.36/+ 26/+16 23.31/17 
3 18.2310. |20.2280 j|— 9/+ .1|+ .2 |40 385 33.09/\+ 50.28)/+ 11/+ 4/4 2 23.54/17 
4 13.55674 |28.0723%" |— 29) —1.2 |+1.1 |40 80 15.41/+ 6 6.51 j41.23|— 4/410 23.21\4-7 
5 80.9617" | 9.32074 0} + .3|— .4 |40 45 30.63),— 9 6.53 |—1.22 0|\—21 22.67|+-6)76.9 
6 21.2087 (17.5487 |— 17) —2.1 |—2.0 |40 34 50.64\/4 1 382.39 |+ 16\— 58/+ 3 22.64/1.6|77.4 
it 14.8197 |25.1927 O|+ .6|— .5 [40 82 0.59/4 4 21.96 |4 31/4 3/4 8 22.97|-6/75.6 
8 30.0613 | 9.8547 |— 39/+ .8)+1.4 |40 45 6.06/— 8 42.82 |— 44/+ 30—16 22.94|/1-6/75.1 
9 99.4443 |10.9603 |+ 19|+ .7|+ .4 |40 44 9.91/— 7 46.84 |— 37/4 16/14 22.72|16/74.8 
II 3/ R [29.0473 |11.5020 |+ 27) —1.9 | —2.5 |40 28 59.54/+ 7 23.18 |+ 49\— 62/14 22.73|—2/70.5 
4 18.8000 |22.8893 |+ 21/+ .8|-+ .8 |40 88 5.46\— 1 43.33 O\+ 22\— 38 22.32|—2 
5 29.7623" |11.6830% |— 8] —1.2 0 /40 28 44.81\/4 7 36.58 |4+1.30)— 18)-4-13 22.643 
6 10.2233% |30.75531" 0) +1.8 | + .5 |40 27 42.60/+ 8 38.54 |+1.35)/+ 34/115 22.98|—3)70.5 
i 28.0950% |11.9253% 0} — .4|— .8 |40 29 32.86/+ 6 48.87 |41.25|— 16/+-12 22.44|—4 
8 13.5963 [28.4110 /+ 86)— .2 0 140 42 87.85\— 6 14.36 |— 28)— 3\—11 23.07/—4|70.5 
9 22.6680 |20.4988 |+ 20) +1.6 | +2.0 |40 8717.86, 54.85 /4+ 7+ 50\— 2 23.56|—3 
wet al 23.2737 |15.8780 |— 30) -+1.8 |) -+ .8 |40 89 42.74/— 3 19.83 |— 13)+ 388— 5 23.61|—4/69.8 
2 35.0683" | 6.0940# |4- 31 0|— .5 140 24 9.84)112 11.83 |+1.58\—  6/-+23 23.42|—4/70.3 
3 13.1503 |23.8647 |— 96) -+1.2]-+ .6 |40 40 53.60|— 4 30.35 |— 19/4 26/— 9 23.23|—4 
July 5 22.9890 |19.2897 |-+ 24/+1.8)-+ .7 |40 37 54.90\— 1 32.22 |— 2/4 37/— 3 23.00|—5)70.4 
19 |X 9|R/10.9107 |29.3633 [+ 13]— .8 |—1.4 /40 44 10.13\— 7 46.05 |— 37/— 30)—14 23.27/+6/71.3 
10 32.7258" | 7.6237% |4 4/+ .4|+ .2 |40 46 58.68\—10 33.95 |—1.35)/+- 8\—19 23.27|+-5)/71.0 
Ceol 29.5917 13.0200 |+127) + .8 | +2.2 |40 43 21.40, — 6 58.84 | 30/; 40 —15 22.51/+-4/71.2 
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Levels Corrections. 
1898 Pair | P Micrometer C (8 + &) : Latitude 
A B Micrometer § U r 

July Ol fe Ut Oui el 
19 |XI 2] R| 8.6400" |33.6043%" 33 1.5 | +1.7 |40 46 54.68/—10 80.56 |—1.30/+ 44/—24 |40 36 23.02 
3] 8.7527 |33.3073 |+ 28) +4.5 | +3.5 |40 26 0.21)+10 20.20 |+1.46/+1.14/+18 23.19 
4 8.5790% |33.0183'¥ |+ 21) —2.4 |—1.7 |40 26 4.78/10 17.27 |41.46,— 59 +18 23.10 
5 2.22434 |34.5130'" | —117| +1.7 | +2.0 |40 22 45.91/+13 35.16 |+1.66/+ 52/125 23.50 
6 26.9257 [15.7300 j+ 88) —2.5 | — .5 |40 31 39.85/4 4 42.97 |4+ 384/— 45 +10 22.81 
7 18.6720 /22.6233 |+ 16/—1.7 |/— .6 |40 388 3.14/— 1 39.83 /— 3/)— 34'\— 8 22.91 
8 23.6360 [21.7863 |+ 30) + .2|— .8 |40 87 9.54/— 46.79 |+ 1j— %7—1 22.68 
Few 17.0553 /28.4727 |-+- 11/-+ .2/+ .3 /40 33 40.61/-+ 2 42.10 |+ 21 + 745 23.04 
II 1) D /19.8870 |19.2473 |— 8]—2.6 | —2.1 |40 36 39.66,— 16.15 |+ 12/— 68 0 22.95 
2 18.4487 |18.4887 0} —1.1 | —1.2 |40 36 24.91/— 1.01 |+ 10)— 82 0 23.68 
3} 10.5128 |28.0253 76) + .5 |— .3 /40 28 59.81/+ 7 22.12 |4+ 49/+ 4\114 22.60 
4 21.1007 (17.0170 |— 23)4+ .7|— .9 |40 388 5.71/— 1 48.08 0 0O|\— 8 22.60 
5 11.2148 /29.2880i" |— 8] + .1 | — .1 |40 28 45.09 + 7 36.47 |+1.30 0\+-18 22.99 
6| 30.8417" |10. 27771 0, —2.7 | —2.2 |40 27 42.88 + 8 39.37 |+1.35\— 70/115 23.05 
7 12.6950% |28.8687i" |— 18) + .2|-+ .2 |40 29 83.14/+ 6 48.45 |+1.25)+ 6)-+12 23.02 
8 27.4110 /12.5830 0} +1.7 | +1.4 |40 42 38.11\— 6 14.50 |— 29/4 44/—11 23.65 
9 18.1830 |20.8647 |— 9|—1.3 | —2.2 }40 87 18.09/— 5508 |+ 7— 48/\— 2 22.58 
Jet eal 16.4080 (24.2880 |+ 14) —2.1 | —1.2 |40 89 42.98\— 8 18.93 |— 13|\— 48/— 5 23.39 
2 3.83831 |32.8137iv |— 88] + .1|— .6 |40 24 10.08 +12 11.59 |-+1.58\— 6/+23 23.42 
4 25.7973 14.5017 |-+ 9|/— .7|]—1.0 |40 41 9.59,— 4 45.81 |— 21/— 234/— 8 28.75 
July 5 17.2027 |20.8227 |— 21) —1.4 | 1.8 |40 37 55.09\— 1 81.38/— 2/— 44/— 8 23.22 
20 |X 3] R 121.5847 |19.5897 + 6/— .5|—1.5 /40 35 33.41/+ 60.40/4 11/— 27\+ 2 23.67 
4 28. 53589" |14.0330% |— 438] — .6 | — .8 140 80 15 76+ 6 6.16 |+1.23;,— 20/+10 23.05 
5] 10.4288 |32.0523i” + 12) —2.0|— .2 /40 45 30.93\— 9 6.15 |—1.22,\— 34/—21 23.01 
6) 19.4043 /23.0377 |-+ 25)/+1.0}+ .9 |40 34 51.01 + 1 81.57 /+ 16/4 27/4 3 23.04 
a 25.6817 {15.2903 |+ 381] —2.1 | —8.3 |40 32 1 OO|+ 4 22.51 |+ 31/— 74+ 8 23.16 
9 28.6180 {10.1297 |— 68/+ .5|— .2 |40 44 10.36/— 7 46.76 |— 387+ 6\—14 28.15 
10 7.54408 |32.6557" | 3!/— .9|— .6 |40 46 58.93/—10 34.21 |—1.35|— 22/18 22.97 
XE 10.5540 (27.1370 |—112)+1.6 | + .4 40 43 21.64/— 6 58.53 |— 30 + 30,—15 22.96 
2 31.7517" | 6.79004 j— 21) + .2}-+ .6 |40 46 54.92/10 30.36 —1.30+ 10—24 23.12 
3) 82.3290'" | 7.70504 0} —1.8 | —2.6 |40 26 0.49|/1-10 21.88 |4+1.46/— 61 +18 23.40 
4| 32,2417'" | 7.8020% 0) — .2;— .5 |40 26 5.06)/+10 17.28 |4+1.46/— 10|+18 23.83 
5 33.5600" | 1.24734 |—187/ —1.6 | — .1 |40 22 46.17 +13 35.60 |+1.66,— 26/+25 23.42 
6 13.1443 |24.3267 |— 83}-+ .8/-+1.0 |40 31 40.14/+- 4 42.20 + 3844+ 25/110 23.03 
7] 21.7900 17.7950 |— 5|+1.3 +1.0 /40 88 3.44,— 1 40.88/— 4/4 32/— 8 22.81 
8 18.2373 {20.0717 |— 12] —1.7 | 2.2 |40 37 9.86i— 46.30 + 2— 54 —1 23.03 
July 9 22.3177 |15.88387 |— 36) — .6 | —1.3 |40 83 40.93 + 2 42.40 |+ 21/— 26/4 5 23.33 
23 |II 1) R |20.3730 /|21.0980 + 3) +38.2 |+1.5 /40 36 40.82\— 18.19 |+ 11\+- 68 0 23.42 
2 20.9173 |20.8097 0} +2.2|}-+ .1 /40 36 26.10;— 2.72 |+ 10/+ 386 0 23.84 
3 29.8800 (11.9387 |+ 68) +2.3 +1.2 |40 29 1.08\+ 7 20.68/+ 49/4 51 +14 22.90 
4 19.1707 |23.2750 |+ 380)/—2.0|— .4 1/40 38 6.90/— 1 48.74 Oi— 36— 3 22.77 
5 29.3737" |11.37171 |— 5/4 6) + .8 |40 28 46.87/+ 7 34.66 |11.26\4+ 14 +13 22.56 
6 10.1580" 30.6240%" 0} + .6|— .1 [40 27 44.15 + 8 37.03 |+1.31)+ 8/415 22.72 
7 28.6303'" }12.5073% |— 15] —1.0 | —1.5 |40 29 34.38 + 6 47.17 |+1.21/— 34/+12 22.54 
8 12.9097 |27.7463 |-+ 28) —1.0 | —1.0 |40 42 39.29|\— 6 14.80|— e28|— 28\—11 23.82 
9 22.4530 |20.2540 |+ 18} —1.5 |— .8 40 87 19.13\— 55.58/+ 7— 33/— 2 23.27 
GRC al 24.3160, 16.3743 + 16)+ .7|-+ .4/40 39 44.12/— 3 20.63 /— 138 + 16—-5 23.47 
2 34,3480" | 5.42371 |— 8] —2.5 | — .7 140 24 11.16 +12 10.52 |+1.54-—— 48-123 22.97 
8 13.6327 24.3943 |— 63] —1.8 | —1.6 |40 40 54.87\— 4 31.65 |— 19|\— 48\— 9 22.46 
4 13.7677 |25.1257 |— 88|— .7|+ .5 |40 41 10.60/\— 4 46.77/— 21\I— 4I- 8 23.50 
5 24.8560 |20.6750 |-+- 56 +1.8 | +2.5 40 37 55.99\— 1 3838.11/— 2 + 60\— 3 23.438 
6 15.5243 29.8150 |+197)/— .8 | —1.0 |40 42 13.11/— 5.48.81 |— 20|— 25|—14 23.71 
July we rf 23.6747 |18.077'7 + 31;/+ .6|/— .1 /40 88 44.67\— 2 21.44/— 7 + 8—4 23.20 
Cae NDNA iy Re 29.9867 13.8900 |+167/— .6|— .1 /40 43 23.04/— 6 59.59 |— 88I|— 11/—15 22.81 
2 9.2897" 34.3117" |4 53) + .8 0 |40 46 56.41/10 32.09 |—1.33|/+ 12/24 22.87 
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Levels Corrections 
1893 | Pair| P Micrometer Cm | era ene nae 4° (8 i iiud 
A B arr) Micrometer Cy 1 r ey pees 
July : ' Oy “ oO i 1 
27 |XI 3| R | 8.02078 (82.51507!+ 8) +2.4 | +1.4 |40 26 2.31)410 18.65 |41.51/-+ 55/418 40 36 23.20)+5 
4 8.1707 |32.5137% |+ 10) — .1 | —1.0 |40 26 6.88/4+10 14.83 |+1.50\— 14-18 23. 25|-+-5|66.3d 
5 2.14374 |134.3507%" |—126] +1.5 | — .6 |40 22 48.02/18 83.11 |41.73/+ 16/+25 23.2'7|+-5/65.8 
6 25.7623 |14.6477 |-+ 14) —2.0|—1.5 |40 81 41.98/+ 4 40.75 |+ 39|\— 50)/+10 22.'72)/+-4164.2 
a 17.9590 |22.0057 0| —1.2 | —2.0 /40 88 5.47\— 1 42.21/— 6/— 44\— 3 22.73|+-4 
8 22.1088 (20.1620 |-+ 12|—1.0 |—1.5 |40 37 11.93,— 49.06|+ 1/— 34/— 1 22.53|-++-4164.0 
ie zal 17.7010 |24.0183 |+ 30)— .9 | —1.2 |40 38 48.07/4+ 2 39.63 |+ 24/\— 30/+ 5 22.69) -+-3/63.4 
2 13.1350 27.1498 |+ 11 0 0 |40 42 17.55|\— 5 538.97 |— 34 0|—10 23.14|+2/62.6 
3 17.6943 |23.2100 |-+ 16)— .2 4/40 84 3.72/\+ 219.85 |+ 22 8\+ 3 23.24|+-3/62.1 
4 23.7980 {19.9707 |-+ 43)-+ .2|— .4 |40 34 46.26/4+ 1 36.78 |+ 17/— 2/4+ 3 23.22)-+-2 
5 23.5947 |18.5147 |+ 82)/+ .4|/-+ .1/40 34 14.59/+- 2 8388/4 20/+ 8/4 3 28.28)--2/62.5 
6 21.1357 /20.28538 |+ 3)— .1/-+ .5 /40 35 59.58)+ 22.75 |4+ 12/4 5\4 1 22.46|+-1 
Uf 11.6617 |30.6997 |+183) — .5|— .4 |40 28 20.96)/+ 8 1.16|+ 61/— 138)/-+-15 22.75|+-1 
8 8.49184 |32 5288!v | 12)-+ .8 | —1.2 |40 26 14.82/10 7.12 |+1.49\— 3/417 23.57/-+1/62.3 
9 14.5127 (26.7410 |+ 44) +1.1/— .6 |40 31 14.044 5 8.95/+ 41/4 10/+ 8 23.58)-+-1162.4 
July 10 28.1567 (17.1467 |+1'71];— .8 |—2.0 |40 41 2.63\— 4 88.50 |— 18|\— 38/—11 23.46} 0/61.0 
29 (XI 1) D 11.9188 (28.5593 |-+ 24)/+ .7|-+ .7 |40 48 23.84\— 7 0.44/— 87/4 20/—15 22.58/+6/75.5 
2 31.5050%" | 6.45074 |— 31) +1.6 | 411.6 |40 46 56.71/10 82.66 |—1.34/-+ 46|—24 22.93|-++5/75.5 
3 82.5757 | 8.0780! |-4+ 11) —1.0 | — -2 [40 26 2.'70|4-10 18.70 +1.50/— 18)+18 22.90|-+-5 
4 82.5053" | 8.1603% | 10) — .6|— .8 |40 26 7.28/+10 14.84 |-+1.49,— 14/418 23.65)|--5 
5 33.5730' | 1.3340% |—181] —2.3 | —1.8 |40 22 48.43/118 38.'72 |+1.738|— 52)/-++-25 23.61|-++5/74.6 
6 14.0610 |25.1577 |— 26/+ .2|— .1/40 31 42.40/+ 4 40.17 |+ 389/+ 2/410 23.08|-+4 
q 22.5280 |18.4567 |+ 14/+ .8|/— .3]40 388 5.93|\— 1 42.73 |— 6 Oj— 3 28.11|-+4!72.9 
8 19.9770 21.9330 |+ 11/— .4|—2.6 |40 37 12.41,— 49.438 /+ 1) 39\—1 22.59|+4/72.8d 
sta! 23.4787 |17.1610 |+ 13) —1.2|-++ .5 |40 33 43.56\4 2 39.59 |-+ 24— 12/4 5 23.32/+4 
2 27.6990 |13.6757 |-+- 56] —1.9 | —3.1'/40 42 18.05|— 5 54.80 |— 34/— 69\—10 22.62)-+-3)'71.1 
3 24.3733 |18.8737 | 56/— .8|—1.0|40 34 4.25/+ 2 19.03 |4+ 22);— 25/+ 3 23.28'+-3)/71.5 
4 18.9710 |22.7753 |-+ 21/-+ 1|— .2|40 34 46.80/+ 1 36.13|4+ 17)— 1/+- 3 23.12/+-3/71.1 
5 18.1367 |28.1967 |+ 20) +1.6 | 41.3 |40 34 15.15) 2 7.83 + 20)+ 42/+ 8 23.63] +2)71.5 
6 19.2763 |20.2073 0) — .7 | —1.8 |40 86 -0.03/+ 238.52/+ 12\— 34/4 1 23.84)/+-2 
7 29.6537 |10.6073 | 15| —1.5 | —2.4 |40 28 21.49/+ 8 1.04/+ 12)— 54/415 22.26) +-1 
8 33.4680!" | 9.4613! |4+ 35) —1.1 | — .5 |40 26 15.40/10 6.37 +1.49'— 24/117 23.19/+-1 
9 OF 1577 (14.9573 FE 72) — 3 /— .6 140 31 14.45/45 8.81 )4 41)— 12/+ 8 23.13|-+1 
July 10 14,2860 =|25.3617 |— 13} —1.2|— .2 /40 41 3.12/— 4 39.68 |— 19|— 21;—11 22.98} 0/71.0 
80 {XI 1) R [29.1750 |12.5573 |-+ 84) —1.0 | — .9 |40 43 23.47\— 6 59.89 |+ 5j— 27/—15 23.21|+-6/71.0 
2 8.6480! 33.6710! |-+ 35} + .2|— .8 |40 46 56.87/10 32.04 |—1.34,— = 7/—24 23.18/+-5/70.6 
3 8.51001 |32. 9997!" + 20] +1.6 | +2.3 |40 26 2.91/+10 18.37 |+1.50/4+ 54/418 23.50|--6)70.2 
4 8.1683! 132.5057 |-+ 10) + .9|— .2|40 26 7.48)+10 14.67 +1.49)+ 12\+18 23.94)-+5 
5 1.'7590% 133.9643!" |—154| — .4 | —1.4 |40 22 48.63/113 82.96 |--1.73|— 24/+25 23.33)-+5 a 
6 26.1783 \15.1010 42) .§|— .6 [40 31 42.60/+ 4 39.87 |+ 39/1 5/410 23.01/-++5/70.6 
q 19.5633 |23.6267 |+ 37/—1.4|— .9 [40 88 6.16/— 1 42.71 |— 6/— 33)\— 3 23.03|-++4/69.8d 
8 20.8550 |18 8763 0) + .1|— .8 140 37 12.65\—- 49.97 Oj— 2—1 22.65)+-4/69.4 
Klee” tak 18.1877 |24.4820 |-- 51|— .5 | —1.1 |40 33 438.81/-4- 2 39.09 + 24\— 22/4 5 22.97|-L-4 
3 18.1167 23.5973 |-+ 28)+ .7|— .1/40 34 4.51/+ 2 18.48 + 22/+ 10/-+ 38 23.34|+3)69.3 
4 23.7528 19.9503 |-+ 42) —1.5 | —1.7 |40 84 47.06/+ 1 36.12 |+ 17\— 44\+ 3 22.94/-+-3)/69,.2 
5 22.5670 |17.5067 0| —1.3 | —1.2 |40 34 15.41/+ 2 7.80|+ 20)— 36/+ 3 23.08/-+-2/68.4 
6 22.4543 121.5477 |+ 18/— .8|— .4|40 36 0.274 22.93 |+ 12|\— 18/4 1 23.15)+2 
7 11.1753 )30.1920 |-+ 75} —1.9 | —1.1 |40 28 21.76/+- 8 0.46 + 61)\— 44/+15 22.54/+1 
8 9.1848! |33.1758'" |+ 28) -+ .8 0 140 26 15.68/+10 5.97 |+1.49)+ 12/417 28.43/-+-1/69.0 
9 14.7110 |26.8687 |-+ 57) +1.9|-+ .5 |40 81 14.91/+ 5 7.18 /+ 41/+ 36/4 8 22.94)+1 
Aug. 10 28.0510 |17.0187 |4+165)+ .38|— .8 40 41 3.85\— 4 39.04 |—  19\— 6)—11 23.95} 0/68.4 
2 |III 1] D |16.5610 |24.6060 |+ 29]— .4|— .9 |40 39 47.02)\— 8 23.26 |— 17\— 18)\— 5 23.36/—2/64.0 
2 5.4570 |34,2993'" |— 6] —1.2 | —2.9 |40 24 18.97/+12 8.26 |+1.63/\— 56/423 23.53|—3/63.9 
4 26.8878 [14.9267 |+ 44) —1.5 | —2.5 |40 41 13.31/— 4 49.56 |— 27/\— 55\— 8 22.85|—3)/63.6a 
5 18.4930 (22.2560 |-+ 10}/—1.6 | —1.1 |40 37 58.45|— 1 39.07 |— 4\— 39\— 3 22.92|—3|63.6 


THE SAYRE OBSERVATORY. 


Puir 


Micrometer 


Ill 


D 


D 


D 


26.5543 
17.8777 
25.8680 
9.91974 
11.4640 


31.3603" 
32.4107" 
32.1407" 
33.7320" 
13.6207 


22.3360 
19.1957 
23.0753 
26.4900 
28.0873 


17.8923 
19.1853 
29.5510 
32.0613%" 
26.7967 


24.5013 
35.0467'" 
16.42'70 
14.7147 
13.6893 


24.4313 
16.4057 
27.6457 
31.4237" 
16.5560 


5.387774 
24.8723 
25.3673 
18.1613 
25.2737 


17.9700 
24.0440 
13.0977 
9.52474 
80.3157 


8.86231 
24.4190 
34. 962019 
14.2487 
15.4563 


23.6463 
14.6828 
24.5287 
17.1127 
27.4977 


31.6247" 
30.7933 
9.5110% 


8.1010 
9.05674 


Levels Corrections 
C % (6+ &) Latitude A | Ther. 
A B Micrometer r 
42 15.31\-- 5 51.39 |— 27+ 42\14140 36 23.93/—8 
12.6877 |— 34|-+1.6 | +1.3 |40 42 15.31/— .389 |— = .93)— 
23,5437 |4+ 24|—1.8 ai 40 38 47.05\— 2 23.16 |— 10\— 44\— 4 23.31|—4/68.9 
15.4217 |4+ 39|— .2 |-- .6 |40 40 47.75|\— 4 23.938 |— 22/— 10 — 9 23.41/—4 
31.6797" |4 9/— .4|— .2 [40 27 12.82/+ 9 9.59 |+1.41|—" 8/415 23,89 —4/63.0 
28.1570 |— 17|+2.0 |+1.5 40 48 24.55\— 7 1.63/— 88/+ 50\—15 22,99|-+6]77.2 
6.28271 |— 35|— .7 |— .6 |40 46 58.03/—10 33.22 |—1.35/— 18/—24 23,04/-+-6/76.7 
7.98278 |4+ 7}— .2/-+ .8 40 26 4,32/110 16.93 /+1.50/+ 1/+18 22.94)/+-6 
7.88174 0} +1.2 |+1.2 |40 26 8.90/-+10 12.65 |+1.49/+ 34/18 23.56) +6 
1.59534 |—170/ +1.2 | -+ .9 /40 22 50.06/-+18 31.15 |+1.78/+ 30/25 23.49|+6/76.6 
24.6450 |— 56] +1.1 | + .6 |40 31 44.04/+ 4 88.27 /+ 39/4 24/110 23.04 +5/76.4 
18.2000 |+ 8!/— .8|—1.4|/40 88 7.74, 144.47 /— 6/— 380\— 8 22.88) -+-5/76.1 
21.2237 0] + .2|+ .1 [40 87 14.98\— 51.22 O+ 4|\—1 23.09 +5|75.6 
16.8753 |— 0|/+ .4]+1.1 [40 83 45.49/+ 2 36.58 |+ 24/+ 20/4 5 22.56) +5 
12.8757 |— 48/+ .7|— .5 40 42 20.01/— 5 56.32 |— 384/+ 4/10 23,29 +4)74.4 
17.6680 |+ 13} —2.0 | —2.2 40 34 6.27/+ 2 16.89 |+ 22/— 59/+ 3 22.82|-+4 
22.3500 |— 8)/-+ .6 0 |40 34 17.24/+ 2 5.19/+ 20+ 104 8 22.76) +3/72.5 
20.0000 |— 3/+1.0|+ .6 |40 86 1.93-+ 20.57/4+ 11/+ 23/4 1 22,85|+3/72.2 
10.5887 |+ 6|/— .8)-+ .1 /40 28 23.55/+ 7 58.90 |+ 61/— 3/415 23.18/-+2 
8.1520% | + 3/—1.0/+ .1 |40 26 17.57/+10 3.82 |+1.48— 14/117 22.90 +e 
14.7027 |+ 54/ O|— .1/40 31 16.82/+ 5 5.56|+ 41/— 2/4 8 22.85/+2|71.9 
16.4200 |+ 21) —1.0 |— .7 |40 39 47.95\— 3 24.14/— 17\— 24/— 5 23.85 —2|69.9 
6.26804 |+ 32) —1.5 | —1.9 40 24 14.89/+12 6.89 |+1.63\— 47/123 23.17|/—2|69.9 
27.2917 |-+120|—1.7 | — .4 /40 40 58.45|— 4 34.69 |— 24)— 32/— 9 23,.11/—2/70.0 
26.2340 |+ 81)/+ .7|+ .8 /40 41 14.16/— 4 51.00 |— 27/4 21/-— 8 23.02;—8 
27.6243 |+ 56+ .38/+ .1 40 42 15.98/— 5 52.08 |— 27+  6\—14 23,55\—8|69.6 
18.7233 |+ 53)+ .9|—- .4 |40 88 47.75|— 2 24.29 |— 10/4 9/4 23.41|-—-4/69.4 
26.8343 |+100) —1.9 | —8.0 40 40 48.41\— 4 23.63 — 22/\— 68— 9 23.79|—4|69.1 
15.9653 |+-128) — .7 | — .5 /40 31 27.98/4+ 4 55.32 /+ 43)— 18/411 23.66 —3 
9.72908 |+ 5] -+-2.4 | +3.0 40 27 18.45|+ 9 7.91 |+1.41/+ 76/415 23.67|—4/69.5 
24.6643 |+ 29)/+ .7 0 40 39 48.29 — 38 24.86 |— 17/+ 11\—5 28.32|—2/62.1 
34,1657" |— 10] —1.4 | —2.7 |40 24 15.19/+12 7.06 |+1.63;,— 56/+23 23.55|—2 
13.9550 |— 86/+1.3/-+ .6 /40 40 58.27\— 4 35.65 |— 24/+ 28/— 9 22.57|—2/62.4 
13.8560 |— 26) + .8 | —2.2 |40 41 14.48\— 4 50.67 |— _ 27|-- 16\— 8 23.30|—3 
21.9530 0| —1.6 | —2.0 40 87 59.51.— 1 35.77|— 4/— 50\— 3 23.17/—3]/61.8 
11.8160 |—141)+ .2| — .9 |40 42 16.25-— 5 52.17 |— 27/— 8|—14 23.59|—3/61.6 
23.6877 |+ 31)/—1.4| + .8 |40 88 48.05\— 2 24.49 |\— 10\— 18/— 4 23.24/—4|61.8 
13.5720 |— 75} — .7 |—-1.4 |40 40 48.63|— 4 24.30 |— 22/— 29\— 9 23.73|\—3 
24.7897 |— 72) —1.6 | —1.6 |40 81 28.21/+ 4 55.11 |+ 48/\— 46/411 23.40|/—3 
31.2427 + 2) — .5 | — .5 40 27 18.69/+ 9 8.53 |+1.41/— 14/415 23.64/—4160.6 
13.6410 |+194/-+ .5/-+ .6 |40 43 2488/— 7 1.61 |— 388/+ 16\—15 22.90|+6]71.8 
33.9490'" |+ 42) + .2|— .4 |40 46 58.38|—10 33.67 |—1.35|—  2/—24 23.10 +-6169.8 
16.3060 |+ 17|—1.2 | — .3 /40 39 48.64— 8 24.94/— 17/— 22/— 5 23.26] —2165.6 
6.23834 |-+- 31)/— .2|— .5 |40 24 15.52/+12 5.52 /+1.63/\— 10/423 22.80/—2 
25.1440 |— 22}— .9|— .6 /40 40 59.09|\— 4 35.12 |— 24, 22/— 9 23.42|—2 
26.9807 |+ 84)—1.4|— .7 /40 41 14.81/— 4 51.27 /— 27\— 30--8 22.89/—3165.9a 
19.8433 |+ 39)+1.0|-+ .6 40 37 59.80/- 1 36.14/— 4/+ 23/8 23.82|—3|65.5 
28.6247 |+-136| — .4|—1.5 |40 42 16.51\— 5 52.46|— 27\— 25\—14 23.39|—8]65.4 
18.7793 |+ 60) +1.8 | + .9 |40 88 48.34/— 2 25.36 /— 10/+ 4o\— 4 23.24|—3/65.2 
27.5743 |-+147|— .9 | — .9 |40 40 48.89\— 4 24.59 |— 22), 26\— 9 23.73/—8/65.1 
15.8487 |+114) —1.3 | —1.0 /40 81 28.45/+ 4 54.49 |+ 43/— 82/411 23.16|—3 
9.9330" |+ 8) + .8|— .8 /40 27 13.95/+ 9 7.86 |+1.41/+ 8/415 23.45|—4165.1 
14.1450 |4243) — .1]— .6 /40 43 25.11 7 1.06/— 87\— 9/—15 23.44|-++7/72.9 
34.5940" | 61) — .5 | — .6 40 46 58.56|--10 33.62 |—1.85\— 16/—24 23.19|-+6/72.6 
32.4773" |+ 9) 41.8 | -+1.6 |40 26 4.99/+10 15.64 |+1.50/+ 48/-+18 22.79/17 
33.2963 |+- 30; — .1|— .1 |40 26 9.57/-+10 12.24 |41.49— 3/118 23.45/+6 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 


Corrections. 


Levels 
1898 | Poir | P Micrometer Cc 1% (6 + 8) Latitude A | Ther 
A B Micrometer 6 (lp 
Aug. cS, ah ee Wy 
8 |XI 5) RB} 2.8063 |384.9377" |— 82) —1.2 | —1.6 |40 22 50.75) +18 31.27 |+1.73|— 89/425 |40 36 28.61/+-6)72.6 
6 26.6167 |15.6267 |+ 72) —1.0 | — .2 /40 31 44.75|-+ 4 37.74|+ 388/— 18/410 22.79|+-6 
ca 17.7910 |21.9467 |— 4/— .9|— .2 /40 88 8.538)/-— 1 44.94/— 6/|— 16\— 8 23.34) +8)72.1 
8 21.3000 19.2400 |+ 3}/— .38/— .9 |/40 87 15.10; — 52.03 Oi— 16 —1 22.90)-++5 
al 17.8513 |23.5473 |+ 17)/— .3|}— .3 |40 33 46.36} + 2 36.52/+ 24/— 8/4 5 23.09|-+-5/71.9 
2 13.0483 [27.1773 |-+ 10) —1.8 | —1.5 |40 42 20.89) — 5 56.98/— 34|— 47/—10 23.00)--5)71.1 
3 16.4687 [21.8540 |— 27/4 .5|/— .7 /40 34 7.18/+ 2 15.93/+ 21)— 1)/+ 8 23.34/+-4/71.1 
4 23.1763 |19.4793 |+ 29) — .2 | —1.0 |40 84 49.81}+ 1 83.44|/+ 17\— 16/+ 8 23.29/+-4 
5| 23.5447 |18.6007 |+ 33} —1.1]— .2 [40 34 18.92/- 2 4.96/+ 20\— 20/4 3 23.21|+-4|70.6 
6 22.4283 21.6233 |+ 11)— .5|-+ .4 /40 86 2.88)+ 20.36/+ 11;— 3/4 1 23.28|-+3 
q 12.0313 30.9313 |+165)— .8 | — .8 |40 28 24.51)+ 7 57.74 |-+ 61/— 22/115 22.79|-+3 
8 8.71274 |82.6060% |+ 18) + .38 | — .1 |40 26 18.62) +10 3.47 |/41.48/+ 3/417 23.77/38 
9 15.1763 |27.2170 84 .4/+ .6 /40 31 17.86) + 5 430/+ 40)+ 12/4 8 22.76|-+-2)/70.4 
10 27.9623 |16.8037 |+156)-+ .38 | —1.0 |40 41 5.84)— 4 42.21 |-- 19\— 8/11 23.25|-+1/70.6 
III 1) D 16.3188 24.4560 |+ 20)+ .1 0/40 39 48.97) — 8 25.70|— 174+ 2)—5 23.07/—2/67.6 
2 §.2177 |33.9693'" | — 22) + .8}— .9 |40 24 15.87) +12 6.09 |+1.63/-+  1/+23 23.83|—2 
3 24.9210 |13.9800 |— 85|— .1)— .4 |40 40 59.42/ — 4 36.24/— 24-— 6/— 9 22.'79|—2|67.6 
4 26.1847 |14.6630 |+ 29}/+ .4|—1.0 |40 41 15.14/— 4 51.06/— 27/— 6/—8 23.67/—2 a 
5 18.1897 /22.0260 0 0/— .2/40 88 0.11; — 1 36.88\— 4) — 2/\—8 23.14/—3/67.1 
6 26.6877 |12.7113 |— 24] — .6 | —4.0 /40 42 16.79) — 5 52.92 /— 27/— 22/—14 23.24/—3/66.9 
7 18 4880 /24.2207 |+ 48) —1.1 | —1.7 |40 88 48.64] — 2 23.03|— 10/\— 388/— 4 23.09)—3 
8 25.2720 114.7677 0| — .8 | —2.4 |40 40 49.16] — 4 25.80|— 22)\— 43/— 9 23.12/—3/66.4 
9 13.9823 (25.6340 |— 10/—1.6 | —1.4 |40 31 28.70) + 4 54.24/4+ 43/— 43)/-+-11 23.05|—3 
Aug. 10 8.64034 |30.383820%" |— 5)/— .8|— .3 |40 27 14.21) + 9 7.82/41.41/— 16/415 23.43) —4|66.4 
9 {XI 1| D |10.7847 (27.4667 |— 90) +2.2 | +2.8 |40 43 25.15;— 7 2.82/— 38/+ 64/—15 22.94|-+-'7|80. 4 
2 30.8187%" | 5.6843 |— 52) +2.0}-+ .7 |40 46 58.70) —10 34.61 |—1.35|/+ 40/—24 22.90|-+-6/79.9 
3 34.0090%" | 9.6100%# |4- 45|— .9 | — .4 |40 26 5.17|/ +10 16.28/+1.50/— 19/+18 22.94|-+-7 
4 32.7307" | 8.49274 |-- 15} — .5 | -+1.1 |40 26 9.77) +10 12.13 |+1.49)/4 6|+18 23.63/+-6 
5 33.1857" | 1.0607% |—204) — .5 | —1.1 |40 22 50.95) +18 30.75 |-+1.78|— 22/25 23.46|---6/79.0 
6 15.1957 |26.1707 |+ 44) + .1|— .1 /40 81 44.94) 4 4 387.27/4+ 38 0|-+-10 22.69}-+6 
q 22.8838 |18.6937 |+ 20/+ .8/+ .3 |/40 88 8.75)— 1 45.85|— 6/+ 8/— 38 22.89) --8)78.8 
8 19.1467 |21.2113 0 0|— .8 40 37 15.383) — 52.14 OK— 10\—1 23.08|--5)77.9 
Tate! 24.1800 |18.0070 j+ 41)/— .4/-++ .5 /40 33 46.61) + 2 35.99 |-++ 24 O\-+ 5 22.89|--5/77.5 
2 27.5303 {13.8793 |+ 40} — .3 | —1.2 40 42 21.15)— 5 57.46/— 34 20/—10 23.05|-+5 
3 23.5290, |18.1490 |+ 27) — .9 | —1.3 |40 34 7.46/+ 2 15.94/+ 21/— 30/+ 8 23.34|+-4)/76.9 
4 18.2177 21.9057 0|— .1|— .6 /40 34 50.09} + 1 83.14\/+ 17 — 94 3 23.34/+-4 
5 18.1157 |23.0477 |+ 17)+ .2|— .2 |40 34 18.51) + 2 4.59|+ 20 Oi-+ 3 23.33|-++4)75.9 
6 19.2183 |19.9988 — 3)+ .1/+ .8|/40 36 3.11/+ 19.69|/4+ 11/-+ 12/)+ 1 23.04/+3 
i 30.2430 /11.8543- |4- 89; —1.6 | —3.4 |40 28 24.81) -+ 7 57.23 /+ 61|-- 68/415 22.12)+-38 
8 32.5127!" | 8.65204 |+ 14/-+ .8)-+ .1 /40 26 18.91) +10 2.60)+1.48/+ 6/417 23.22|+3 
9 26.7673 |14.7080 |+- 53) —1.0 |—1.0 40 31 18.19) + 5 4.68 4ij— 28/4 8 23.08/-++2) _ 
10 13.7227 |24.9418 /— 45/+ .6/+ .8|40 41 6.12; — 4 43.19/— 19/4 20\—11 22.83/+-2|75.2 
III 1| R |24.8070 /16.6687 |+ 385) —1.3 | — .8 |40 39 49.32) — 3 25.62/— 17/\— 30/\— 5 23.18/—2|69.4 
2 34.1880" | 5.43774 |— 12)— .1|}-+ .5 /40 24 16.10) +12 4.80/4-1.63\+ 5/423 22.81/—2 
3 15.8340 26.7597 |+ 84;— .6| + .1 |40 40 59,.74)— 4 36.14/— 24,— 8\— 9 23.19|—2)70.5 
4 14.4440 |25.9870 |-+ 13)—1.4|— .7 |40 41 15.46)/— 4 51.56/— 27/\— 380/\— 8 23.25|—2|69.9 
5 24.2580 |20.4880 |4- 54/— .1/— .4 |40 38° 0.40; — 1 36.61/— 4|— 6/3 23.66/—3|69.4 
6 14.4603 |28.4118 /+119}— .8 | — .6 |40 42 17.06] — 5 52.64/— 27/— 20\—13 23.82/—2 
vi 24.0778 |18.32338 |+ 41)/— .8]/— .5 /40 88 48.93) — 2 25.42/— 10|\— 11/— 4 23.26/—3)/69.1 
8 16.7148 (27.1978 |-+122}—1.0 | — .4 |40 40 49.48) — 4 25.06/— 23/— 20/— 9 23.85|—3 
9 28.0047 |16.87038 |-+-149) —2.4 | —2.3 |40 31 28.96) -+ 4 54.21/4+ 43/— 66|/+11 23.05|—3 a 
Aug. 10 31.3508i" | 9.67804 |+- 6) — .6 | —1.2 |40 27 14.48) 9 '7.85/+1.41/— 25)/-+-15 23.14;—4|68.2 
10 {III 1) D |15.7817 |23.9450 |— 6)+4+ .8 0 |40 89 49.64|— 8 26.16/— 17/+ 4/—5 23.30|—1 68.5 
2 5.80104 |34.0187" |— 19} —2.1 | —2.4 |40 24 16.51/412 5.24/41.63\— 63/+-23 22.98/—2 
3 23.5537 |12.5730 |—125|—1.6 |—1.4 140 41 0.05|— 4 87.01/— 24,— 43/— 9 22.28|—2 


INN ae AOS DOSS UILUG 


366 THE SAYRE OBSERVATORY. 


Levels Corrections 
3 in ier 1 titu 
189 Pair | P Micrometer C ‘ i (8 + 8) Pits Tis . ; , Latitude 
Aug. QO W “ Om ‘1 
10 |III 4) D /25.4128 |13.8623 |— 26)-+ .5|— .2 40 41 15.77/— 4 51.63 /— 27/4 6/— 8/40 36 23.85|—2 
5 17.6370 |21.4950 |— 12/— .6|—1.8 |40 37 0.69,— 1 37.40/— 4/— 32/— 8 22.90|\—2 
6 26.0820 |12.0740 |— 77;/-+ .6 0 |40 42 17.32/— 5 53.58 /— 27/+ 10/—13 23.44)—2 
a 16.9730 |22.7577 |— 4|/— .3|— .2 140 38 49.22/— 2 26.09 |— 11|\— 7Wi— 4 22.91) —3 
8 25.0627 14.5888 |— 15)+ .4|-+1.7 |40 40 49.68] — 4 25.89 |— 22/4 28\— 9 23.76|—3 
; 9 18.1547 [24.7840 |— 71]/— .38|— .2 |40 31 29.20)4 4 58.52 |4 48/— 7/411 23.19/—3 
Sept. 10 9.0990% |30.'7503%" 0} + .5|-+ .3 40 27 14.744 9 6.82 )41.41/+ 12/+15 23.24)—4 
2 Pde al 27.6598 {10.8663 |— 74\+ .7|-+1.1 40 48 27.46,— 7 8.96 |— 47/+ 25|—15 23.13|-++8 
2 7, 8240 |32.9920" |4- 14; —1.6 | —2.0 140 47 1.48/—10 35.70 |—1.29/— 50/—24 23.70)/+8 
3 8.63531! |32.9180' |+ 19} — .8|— .7 |40 26 8.74/+10 18.86 |41.43|\— 22/18 23.49|+-9 
4 8.80274 |32.9108% | 21) —3.1 | —1.8 |40 26 18.42/ 110 8.94 /11.42;/— 71/418 23.25/18 
5 2.79204 34.7710!" |— 86) —2.0 | —2.2 |40 22 54.76/433 27.48 |11.'70|— 59/25 23.60/+8 
6 26.2943 [15.4443 j+ 55} —2.5 | —2.3 |40 31 48.99/+ 4 3418/4 44/— 68/+10 23.03)/+-8 
7 18.3147 |22.6417 |+ 14) 1.9 | —1.7 |40 88 13.26,— 1 49.22 /— 8i|— 51/— 3 23.32/+8 
8 21.6213 |19.38617 | 6)— .4|— .6 /40 37 20.183— 57.08/— 2|\— 14/,—1 22.93/-++8 
Lee 16.9283 |22.9800 |— 4)/—1.2|—1.7 |40 88 51.65/+ 2 81.57 |+ 26/— 40/4 5 23.13)-++8 
2 14,2320 /28.5640 |+-118) —2.1 | —2.3 |40 42 26.40, 6 2.28/— 42/— 62/—10 22.98|-+8 
3 18.3327 |23.5033 |-+ 28) —2.4 |—3.5 /40 34 18.03/+ 2 10.67|+ 23),— 82/4 8 23.14/-+7 
4 23.7690 20.3000 |+ 41) —2.8 | —8.2 |40 34 55.91/+ 1 27.72 |+ 18|\— 84/+ 8 23.00)-+-7 
5 23.3483 {18.6450 |+ 28)— .7|—1.8 |40 34 24.56/+ 158.86 |4+ 22\— 34/4 3 23.33) +7 
6 23.0243 |22.4393 |+ 10/—2.0/— .3/40 36 8.65/+ 1480/+ 11/— 35 0 23.21/-++6 
ui 11.9937 |30.6518 |+-147)—1.6 |—1.2 |40 28 30.88/4+ 7 51.61 |+ ‘70/— 40/-+15 22.94/+-6 
8 9.22934 |32.8500% |+ 22) — .5 | —1.5 /40 26 25.45/+ 9 56.65 |11.41/— 27/417 23.41/+6 
9 14.4187 |26.2100 |4+ 19/+ .1|/— .8 |40 31 24.89/+ 457.99 /4+ 46\— 8/4 8 23.34/+-6 
10 26.5763 {15.1940 /-+ 61] —1.1 | —1.6 /40 41 11.80|— 4 47.64/— 25/—  38/—11 28.42)-+4 
IV 2] R )26.8988 15.5528 |+ 80/+ .66]— .5 /40 41 10.67/— 4 46.79 |~ 32 + 3/—8 23.51/—2 
3 11.4077 |30.9203!" |— 5] —1.6 | —1.2 |40 44 37.17/— 8 12.85 |—1.12/— 40\—17 22.63|—2 
4 11.5263% |30.0657'" |— 7 —1.4 | +2.4 |40 44 12.11|— 7 48.26 |—1.11/+ 9|—14 22.69/—2 
5 19.4910 |23.6483 |+ 388/+ .6 0 |40 34 37.54/+ 1 45.11 /+ 19/4 10/4 8 22.97/—3 
6} 28.9867 |16.8100 |+ 16|+2.6|+1.4 |40 39 23.82\— 3 1.31/— 19/4 s5si— 5 22.85/38 
ai 33.6890 | 8.25678 |4+ 32) — .2|-+ .6 |40 25 88.61/10 42.46 |11.51/+  4/-+25 22.87/—2 
8 28.1260 /15.6943 |4-140) +2.6 | +1.0 |40 41 87.387/— 5 14.86 |— 384/+ 53/10 23.10|—3 
9g 15.1400 {28.0733 |-+-128)-+ .9 | +2.3 |40 30 56.13/+ 5 26.99 |+ 50/+ 44/+10 24.16|—3 
Sept. |__ 10} /10.36904 |31.8540 |4 10) +1.8|-+ .7 |40 27 18.80/49 2.71 |+1.34/4 937/417 23.39|—B 
3 |XI 1) D /12.6183 /29.4167 |+100) +2.0 | +1.9 /40 43 27.53\— 7 4.538|— 47 + 65|—15 22.93/-++8 
2 31.3583" | 6.11434 |— 39) +13 |-+1.6 |40 47 1.49/—10 37.48 |—1.29/4+ 40|—24 22.88/48 
5 32.9390" | 0.99131 |—213} — .2 | — .1 |40 22 54.90/18 26.35 |4+1.69\— 4/425 23.15|++8 
6 14.1367 {24.9697 |— 29) +2.2|-+1.9 |40 31 49.04)4+ 4 38.54 |+ 48/+ 58/110 23.69/+8 
7 21.6707 (17.2907 |— 15|+1.7 |+2 0 |40 88 18.44)/— 1 50.59 |— 9+ +52/— 3 238.25|+-8 
8 18.9703 (21.2353 |+ 2) — .9|— .2 |40 37 20.87/— 57.21/\— 2/— 16i—1 22.97|/+8 
Tao rel 22.5243 16.5410 |— 18)— .6/-+1.2 |40 33 51.85/+ 2 31.07 |-+ 26 + 6/4 5 23.29)+8 
' 2 27.5733 |18.2008 |4+- 82)-+1.8|-+ .1 |40 42 26.61/,— 6 3.10 /— 42 + 22/—10 23.21/+-8 
3 23.4920 /18.3630 |+ 29; —1.6}— .2 |40 34 13.26/+ 2 9.61 |+ 23),— e28/+ 8 22.85|-++7 
4 18.8203 [22.2493 |+ 13) +2.3 | +1.3 |40 34 56.16/+ 1 26.64 + 18+ 52/4 3 23.53 
5 17.7298 |22.4007 0) +2.7 | +1.3 |40 34 24.81/+ 1 57.99 |+ 22/4 58/4 38 23.63)/-+-7 
6 19.3687 /|19.9217 0} +-1.4 0 40 86 8.89/+ 18.97 /+ 11/4 22) 0 23.19)/+6 
q 29.0497 (10.4003 |— 31) —1,1 | — .2 |40 28 81.15|4+ 7 50.94|+ 70\— 20 +15 22.74/46 
8 32.7397" | 9.14034 |+ 20) — .8 | +1.5 |40 26 25.74/+ 9 56.09 +1.40\+ 6/+17 23.46|+6 
| 9 26.5940 |14.8123 |-+ 50 0|— .9 [40 31 25.19)/+ 4 57.69 |4 46\— 12/4 8 23.30/+6 
10 14.3807 |25.8050 |+ 6)+1.0 | +1.8 |40 41 12.06/— 4 48.55 |— 25 + 38\/—11 23.58)+4 
IV 1} D |21.5230 |18.'7480 0} — .2|— .4 |40 85 18.45)+ 1 10.09 |4+ 171— 8+ 2 23.65)—3 
2 14.6943, 26.0723 |+ 25 0|/-+ .2 40 41 10.92/— 4 47.44|— 32/4 Q/— 8 23.10)—2 
4 29.4653'" |10.955 7 0) — .2 0/40 44 12.383/— 7 47.51 |—1.11/— 3/—14 23.54/—2 
5 19.7220 |15.5303 |— 58} —2.0 | — .2 |40 34 37.74 + 1 45.72 |+ 19/— 34/4 3 23.34/—3 
6 16.3787 (23.5117 0) — .38 | —1.6 |40 89 24.01/— 8 0.16/— 19|— 25/— 5 te 


& 
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367 


; Levels Corrections 
1893 | Pair | P Micrometer C % (6 + 6) Latitude A | Ther. 
A B Micrometer 6 r 
Sept. GC We Ce ee) 
6 |XI 1} D |28.8890 |12.13847 |+ 50) —1.5 | —1.3 |40 48 27.57\— 7 3.27 |— 46\— 40/—15 /40 36 23.29/+8/65.4 
2 8.4363! |33.6057'" |+ 31) — .6 | —1.4 |40 47 1.67/10 35.77 |—1.29|— 28)—24 24,09/-++8)64. 4 
3 8.43574 132.6710 |+ 15] -+ .2 | +2.6 40 26 9.11/-+10 12.13 |+1.43/+ 36/418 23.21/-++9 
4 8.29878 |32.3597!" |4. 9 0 | — .1 /40 26 18.81)\4-10 7.72 |+1.42;,— 2/418 23.11|-++9/63.8 
5 2.53208 |34.4627%" |—106| — .3 | — .5 |40 22 55.19)4-13 26.18 |+1.69/— 11/-+-25 28.20/--8 
6 26.0910 [15.2710 |+ 43) —1.2 | —1.6 /40 31 49.36/+ 4 33.388 |+ 48/— 39/+10 22.88|-+-8/63.8 
i 19.2597 23.6260 |4- 38)-+ .1/-+ .3 /40 388 13.83\— 1 50.38|— 9/+ 6/— 3 23.39|/+8 
8 21.2337 18.9377 0) +1.3 | -+ .2 |40 87 20.80\— 57.99|— 2/4 22/—1 23.00|-+-8)63.3 
aoe! 15.9910 |21.9413 |+ 38) 4 .2}+41.2 |40 33 52.33/+ 2 30.88 |+ 26/+ 18/4 5 23.20/-++8/62.9 
ay a 13.7580 |28.1837 |+ '78| 1.0 | — .8 |40 42 27.18\— 6 3.27 |— 42/— 26/—10 23.08/-+-8 
38 18.4583 23.5363 |-+ 33] +1.4 | 11.4 |40 34 13.83/+ 2 8.383 /+ 238/+ 40/+ 3 22.82/18 
4 21.8943 (18.4887 |+ 4/— .9|— .1/40 34 56.79\+ 1 26.02 |4+ 17)— 16/4 3 22.85) -+-7/63. 1 
5] 128.2667 |18.6260 |-+ 29) 41.0 | +1.6 |40 84 25.47/41 1 57.28 |+ 22/4 36/4 3 23.36/+-7/62.6 
6 22.5587 (22.0213 |+ 8]/— .8 0/40 86 9.51/+ 18.47 |+- 11j— 12/4 1 22.98|-+6 
7 10.9490 [29.5427 |+ 26) +2.2 | +1.6 /40 28 31.48/+ 7 49.68 |+ 70/+ 54/415 22.50|-+6)/62.4 
8 8.42874 (31.9767 |+ 4) 42.1 | +1.'7 |40 26 26.49\4+ 9 54.75 |+-1.40/4 54/+17 23.35|+-6 
9 14.6147 |26.38483 |+ 32) -12.8 | 11.8 |40 31 25.97/+ 4 56.43 /+ 46/4 60/+ 8 23.54|-+6)62.6 
Sept. 10 28.2557 16.8177 |+172) +2.1 |+1.5 40 41 12.76/— 4 49.31 |— 26/4 52|—11 28.60|-++5|62.4 
8 |XI 1) D /12.6487 |29.4080 |+100| — .8 | —1-6 |40 48 27.60\— 7 3.54 |— 46)— 25|—15 23.20/-+8)64.3 
2 30.1987" | 4.95408 |— 74 0|— .6 |40 47 1.70/\—10 37.42 |—1.29|\—  8/—24 22.67/+8)62.5 
3 32.6833'" | 8.48074 |4+- 16] —2.2 | —3.2 [40 26 9.18/4-10 12.58 |+1.43/— '75|-+18 22.62|+-9 
i 32.0707" | 7.98432 0} —1.7 | =1.6 |40 26 13.92/4+10 8.35 |4+1.42;\— 47/+18 23.40/+-9 
6 12.6573 [23.4973 |—123| —1.1 | —1.6 |40 31¢49.48/+ 4 33.47 |+ 42/— 388/10 23.09|+8 61.6 
7 21.4173 |1'7.0377 |— 21/— .1|— .6 |40 38 13.82/— 1 50.56 |— 9|— 9— 3 23 .05|+-9|60.9 
8 18.8157 |21.1060 0) — .6|— .7 |40 87 21.01\— 57.84|— 2)— 17\—1 22.97)+-8/61.6 
Thee 23.1190 |1'7.1630 |-+ 5|/—1.0|— .8 |40 33 52.56/+ 2 30.44 |+ 26/— 26/4 5 23.05|/-+-8)61.5 
2 27.8447 (18.4597 |+ 55|/— .4 | 2.0 [40 42 27.389|\— 6 3.46|— 42/— 32/—10 23.09|-++8 
3 22.8217 (17.2070 |— 8|/—14|— .8 [40 34 14.12/+ 2 9.17|4 23/— 32/4 3 23.23|+8)61.5 
4 18.5693 |21.99838 |+ 5]/— .8 | —1.7 |40 34 57.09/4+ 1 26.62 |+ 18)— 34/4 3 23.58|-+8 
5 17.2563 |21.90038 |— 14 0 | —1.1 /40 34 25.81/4+ 1 57.26 |+ 22|\— 14/4 3 23.18|-+7/60.4 
6 19.9607 20.4937 0} — .8/— .6|/40 36 9.82/+ 13.46 |+ 11;/— 12) 0 23.27|-+6]59.9 
7 28 5050 | 9.8603 .|— 90) —2.1 | —2.9 |40 28 32.21|++ 7 50.68 |+ ‘70|\— '70)+15 23.04|-+6 
8 31.1'760'" | 7.6163 |— 15] +-1.1 | +1.9 |40 26 26.89/-+ 9 55.00 |4+1.40/+ 41/17 23.87|-+6 
9 25.3557» /18.6118 |— 36] —1.5 |—1.0 /40 31 26.39/+ 4 56.54 |+ 45|— 36/+ 8 23.10/+-6|59.9 
10 14.1667 |25.6517 |— 6)/— .9/— .8 /40 41 18.13/— 4 50.06 |— 26/— 18)—11 22.52|+5/59.1 
IV 1] D 22.9080 |20.1960 |+ 24) —1.6 | —1.0 /40 35 14.72/+ 1 8.56 |+ 17;— 38/4 2 23.09\—1/54.9 
2 14.6573 |26.0693 |+ 25|/—1.0/— .8 /40 41 12.21/— 4 48.31 |— 32/— 26\— 8 23,24|—1 
3 27.9647" | 8.40974 |4  4)+1.0 | — .4 |40 44 38.56/— 8 18.93 —1.12/4 10|—17 23.44|—2/54.9 
4 29.3190'" |10.7610# 0| — .4|—1.7 |40 44 13.08|\— 7 48.74 |—1.11/— 28/14 22.81/—2|54.8 
5 19.9633 [15.8183 |— 52} —3.2 | 2.0 |40 34 38.84/+ 1 44.56 |4+ 19/— 75/4 3 22.87/—2 
6 16.3757 [28.5778 0] — .2|— .1 /40 39 25.06\— 3 1.90|— 19\— 4\—5 22.88|—2 
7 3.86071 |29. 292717 | 110] — .4| — .1 |40 25 39.66/+10 42.09 |41.51/— 8/425 23.43/—2)53.9d 
8 12.2633 |24.7083 |—111/— .8 |—1.5 |40 41 38.35|— 5 14.06 |—. 34;— 32/—10 23.53|—3)53.7 
9 25.3760. |12.4683 |— 81/-+ .5 | +1.6 [40 30 57.04/+ 5 25.82 |+ 50/+ 28/410 23.74/—3 
10 30.6280!" | 9.1747 QO} — .1| + .3 40 27 19.62\+ 9 .1.86 |--1.384/-  2/-++-17 28.01|—3|53.9 
Sept. 
9 I 1] R \28.0157° |11.2607 |— 36|/— .9 | —1.4 |40 48 27.59/— 7 3.08 |— 46\— 382/—15 28.58/-+-8 63.0 
2 8.51604 |33.7183 |+ 34|— .6|— .6 |40 47 1.72/—10 36.61 |—1.29;— 17|—24 23.41/+18/62.9 
8 9.23304 |33.4823'" |-+ 34/+2.4|+ .7 /40 26 9.22/110 11.94 |+1.48/+ 46/+18 23.23/19 
4 8.29904 |32.3667" |+ 9/-+ .7|— .1 40 26 18.94/110 7.89 |4+1.42/4 10/418 23.53]-L9 
5 2.5460 |84,4813i |—105] + .6|— .1 |40 22 55.35/13 26.30 |+1.70/+ 8/425 23.68)-+-9/62.4 
6 26.3988 [15.5910 |-+ 64/—1.0|}— .7 |40 81 49.55|4+ 4 33.11 |+ 43)\— 24/410 22.95)+-8/62.4 
7 18.4823 22.8727 |4+ 18/+ .6|- .7 |40 38 14.09\— 1 50.94 |— = 9/-+- 16/— 38 23.19)/+-9/62.3 
8 21.7920 |19.4883 |+ 8|/+2.1]+ .9 |40 37 21.10,— 58.338|— 2/+ 44|— 1 23.18) 8 
lia 17.8680 23.7893 |+ 29)/+ .2/-+ .9 [40 33 52.67/+ 2 29.75 |+  26)/-+- 14/-+ 5 22.87/18 
2 13.4840 |27.8850 |+ 57/+ .2|-+ .6 |40 42 27.50 6 3.86|— 48/+ 10/—10 23.21/+ 863.4 


ORO 
068 THE SAYRE OBSERVATORY. 


Levels Corrections ; 
1893 | Pair | P Micrometer C ee er AOE) Latitude A | Ther. _ 
A B Micrometer C) 1 r 
Sept. Oi gus 6 yay 
9 |I 3] R |18.8628 |23.4500 |+ 28) +1.4 | +2.4 |40 34 14.25/+ 2 856/+ 23/4 52/4 3/40 36 23.59/4-8)/62.8 
4 23.0733 |19.6947 |-+ 27) —1.38 |} + .7 |40 34 57.14/+.1 25.40 |+ 17/— 11/4 8 22.63|+8/62.8 
5 23.1487 (18.5340 |-+ 25) —1.0}-+ .4 |40 34 25.97/4+ 1 56.61 |+ 21/— 10/+ 8 22.72|+7 
6 20.8577 |20.38567 0 0/+ .4/40 86 9.98+ 12.66/4+ 11/+ £5 22.80/-+-6|62.5 
7 11.0248 /29.6050 |-+ 34)-+ .7 0 |40 28 82.38)+ 7 49.37 |-+ 69/4 11/415 22.70)/-++7 
8 9.0907# /32.6250'" |+- 18) + .9 | — .1 /40 26 27.08\/+ 9 54.48 |4+1.40/4+ 12/417 23.20/-+-7 
Sept. 9 14.4227 (26.1293 |+ 19)+41.8)-+ .4 |40 31 26.59/4 4 55.71 |+ 45/4 25/4 8 23.08/46 62.4 
12 |XI 2} D [32.0857 | 6.8653% |— 18] —1.1 | — .7 |40 47 1.83/—10 36.93 |—1.29|— 26/24 23.11/-+8)61.6 
3 |32.5263'" | 8.2943! |+ 12) + .1|—1.7 |40 26 9.40/110 12.04 |+1.43/— 20/+18 22.85)-+ 
5 132.1820" | 0.25334 |—266) + .6|-+ .4 |40 22 55.57/113 25.74 |4-1.69/+ 14/425 23.39/+-9)61.9 
6 14.1950 /24.9920 |— 26)— .7 | —1.3 |40 31 49.'79|/+ 4 32.63 |-+ 48/— 28/+-10 22.67/-+9 
7 \22.0317 |17.6843 j|— 6/-+ .4]— .2 |/40 88 14.38\— 1 51.05 |— 9/4 4)/— 23.25)-+-9|62.2 
8 18.9220 |21.2023 0) —2.1 | —2.5 |40 87 21.44,-— 57.59 |— 2)— 64\—1 23.18)-++9 
1 ie oell 22.6637 |16.7403 |— 11|— .8|— .3 |40 33 58.04/+ 2 29.58 |+ 26/— 16/4 5 22.7'7|4-9|61.9 
2 27.7109 |18.3073 |-+ 42)— .6 | —2.0 |40 42 27.50\I— 6 3.87|— 43/— 35/—10 22.'75|+8 
3 22.8937 (17.8213 j|-+ 12)— .5 0/40 84 14.69)+ 2 814/+ 23/— 8+ 38 23.01/+-8/61.9 
4 \18.9493 |22.38440 |+ 12)/— .4|—1.1 |40 84 57.72/4 1 25.77 /4+ 17)\— 20/4 3 23.49/+8 
5 18.2340 /22.8683 |+ 15) — .2|—1.1 |40 34 26.47/+ 1 57.09 |+ 22/— 17/4 8 23.64|+9 
6 19.4577 |19.9667 0| —1.6 | — .2 40 86 10.45|+ 12.86|+ 11;— 28/4 1 23.15) +-7|60.9 
7 /29.2500 |10.6443 |— 8]/—1.7 | —2.5 |40 28 82.91/+ 7 49.89 |+ ‘70|— 58/+15 23.07|-+-7 
Sept. 8 (382.3317 | 8.81404 |4 12] — .8 | —1.0 140 26 27.67/+- 9 54.01 |41.40\— 25/417 23.00|-+-7|60.9 
16 (XI 2) R| 7.92174 |33.1220% |+- 17/— .8|— .9 140 47 2.07|\—10 36.51 |—1.29/— 16/—24 23.87/+8/64.4 
3 9.2383" /33.4533" |4+ 32) -+ .3|— .1 |40e26 9 72/110 11.66 |+1.43/4+ 3/418 23.02/-+-9|63.9 
4 9.26034 |33.38207" |+- 31|—1.7 | —1.3 |40 26 14.49/110 7.76 |4+1.42/— 438/+18 23.42/-++9 
5 1.82004 |33.7447!" |—156) — .8 | —2.0 |40 22 55.96/+-13 25.90 |+1.69/— 388/25 23.42/+-9|63.9 
6 125.7473 14.9530 |+ 22} —1.6 | —1.8 |40 81 50.21/4- 4 32.68 /+ 43/— 48/+10 22.94/19 
7 19.3787 {23.7870 |+ 41;/— .7|-+ .8 /40 88 14.91\— 1 51.45|— 9— 7— 23.27/19 
8 22.5163 {20.2080 |-+ 18} — .5 | —1.8 /40 87 22.00\— 58.34/— 2/— 30/—1 23.33/19 a 
ie al 17.7633 |23.6637 |-+ 24|— .8 0 |40 33 53.64/4+ 2 29.08 |+ 26)— 4)\+ 5 22.99|-9|62.6 
2 13.1730 |27.6187 |+ 35)— .2|—1.7 |40 42 28.56/— 6 4.93|— 43/— 24/—10 22.86)+-9)62.1 
3 18.5827 {23.6423 |+ 34/— .9|— .5 [40 34 15.41/4+ 2 7.87/+ 23/— 20/4 3 23.34/+8 
4 22.3640 |19.0067 |-+ 14 0 | —1.0 40 34 58.47/+ 1 24.83 |+ 17/— 12/4 3 23.88|-+8/61.9 
Sept. 5 22.6987 |18.0997 |+ 12) —1.4 |—1.0 /40 84 27.28/4+ 1 56.18|+ 21|\— 34/4 8 23.36|+8)/61.6 
17 |TV 2) R /26.0597 |14.5750 |+ 22|+1.3 | + .4 |40 41 14.09\— 4 50.14 /— 33/4 25\— 8 23.79) 0/55.4 
3 11.6017# /31,2463% |— 4)/— ,7 | — .2 |40 44 40.20\— 8 16.17 |—1.12;— 14/17 22.60)—1/55.4d 
4 11.0313 |29.6633%" 0|}— .7|+ .8 |40 44 15.14/— 7 50.61 |—1.12,— 7—14 23.20|—1 
5 20.5997 24.6308 |+ 62) -+2.1 | +1.6 |40 84 40.89/+ 1 41.96 |4 19 + 53/4 3 23,10|—2|54.4 
6 |24.5557 17.2960 |+ 88)-+ .8/+ .3 40 39 26.54-— 3 38,46\/— 19/4 16/—5 23.00|—2 
i \383.7780'" | 8.42834 |+ 35) —1.4 | —1.8 |40 25 40.85)+10 40.86 |41.51/— 38/-+25 22.59|—2|54.1 
oe 8 27.9110 [15.4248 |+121)+2.0|-+ .6 |40 41 39.46— 5 15.70 |— 384/+ 38/—10 23.70|—2 
19 |LV 1} D \20.6888 18.0257 |— 10/+ .2 0/40 35 17.08\+ 1 5.96/4+ 174+ 3/4 2 23.26) 0j67.1 
2 12.9167 [24.4630 |— 89|/+ .7/-+ .5 |40 41 14.63,— 4 51.89/— 83/+ 18/|— 8 23.01) 0/66.7 
3 30.7853" 11.1400% 0 — .1]-+ .2 |40 44 40.67\— 8 16.15 |—1.12/4- 1|—17 23.24/—1 
4 29.9403'" 11.2840 |—  5/+ .2)/+ .3|40 44 15.61/— 7 51.17 —1.12)+ 7—14 23.25/—1 
5 22.5953 |18.5607 |+ 15)/— .9|+ .2|40 84 40.84/+ 1 41.93 |+ 19\— 12/+ 3 22.87/—1|66.6 
ui 4.85104 |30.2013% |— 77) — 4 0 40 25 41.21/4+10 40.05 |41.51/— 2/425 23.00|—2|66.0 
Sept. 8 13,2157 25.7837 |— 87/41.3]+1.7 |40 41 39.81\— 5 17.82 /|— 34 + 42)—10 22.47|—2|66.2 
20 {IV 1| Rj19.5463 (22.1787 |+ 13) —1.7 |—2.8 140 35 17.34/+ 1 6.39 /+ 17\— 56|+ 2 23.36) 0/57.6 
2 26.7037 15.1987 |+ 64)/+ .2|+1.0 40 41 14.63\— 4 50.74 |— 83/+ 16/-- 23.64 
3 11.1880 |30.7670%v 0) —1.8 | —1.2 |40 44 40.91/— 8 15.78 |—1.12'—  44|\—17 23.40|—1|58.8 
satarle - eee rec ae — .6 e a 15.84|-— 7 51.04 |—1.12/— 64/—14 22.90|\—1 
23. 27. -2|+ .1 /40 34 41.07/+ 1 41.24/+ 19 20/+ 3 22.'73|—1|57.4 
6 24.1447 16.9260 | 23) —1.2 | 1.5 |40 39 27.19 3 2.38 |— 19(- 388/— 5 24,19|— 
7 32,5473" 7.20574 |— 4/—1.9 | — .8 |40 25 41.40/+10 40.05 |+1.51/\— 40 +25 22.81/—1 
8 28.2203 |15.7377 |-+144/— .3 | —1.0 /40 41 39.99/— 5 15.64/— 34|— 17/10 23.74|—2|56.6 
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Levels Corrections 
1893 | Pair | P Micrometer CA ree eg Fh eatery 84) Latitude | A | Ther. 
A B Micrometer 6 Uf r 
Sept. Oue/ 7D Oey 7 
20 |IV 9) R 14.7240 |27.57387 |+ 89) + .2 .6 40 30 58.54)+ 5 24.77 /4+ 50\— 4/+10/40 36 23.87/\—2 
10 10.0707 (31.4963 |4+-  '7/ +1.1 | — .5 140 27 20.95)+ 9 1.17 |+1.84/+ 10/417 23.73|—2)56.6 
Wit cal 28.5160 /12.6090 |-+ 51) —8.2 | — .2 |40 29 40.24/+ 6 41.90 |+ 60)— 52/11 22.33/—2/56.6 
2 18.6580 /238.2260 |+ 26)/— .1 0 |40 88 18.93) — 1 55.57|— 9\— 2/— 38 23.22/—3|56.7 
3 10.3907# |33.9510'” |+ 46) — .8)}— .3 40 26 26.29/+ 9 55.19 |41.47),— 16/4238 23.02)—2 d 
4 14,7700 |29.2088 |+-167) —1.3 | —1.4 |40 42 29.32, 6 4.97 |— 42/)— 38/—11 23.44/—3 
5 38.8067)" | 9.80372 |+ 34) —2.9 | — .2 |40 26 27.25/+ 9 54.98 |+1.42/— 48/4-19 23.36|/—3]55.5 
6 23.0448 (22.0018 |+ 17)+ .7|— .3 |40 36 49.68\— 2639/4 94+ TW—1 23.44/—3 
Sept. vf 18.6148 |28.4457 |-+ 89|—2.0)-+ .5 40 42 88.86|— 6 14.83 |— 42/)— 24/—12 23.25|—3 
-21 |IV 1) D /21.2007 |18.5860 0| — .7 | —1.8 |40 85 17.58/+ 1 6.05 |+ 17)— 28/4 2 23.54] 0/52.6 
2 13.7667 |25.2983 |— 32] —2.0 | —2.2 |40 41 15.13;— 4 51.19 |— 33/— 59)\— 8 22.94) 0 
3 28.8548!" | 9.1810 0) —1.3 | —1.5 |40 44 41.13\— 8 16.91 |—1.12/— 39|—17 22.54| 0/52.4 
4 30.1468'" |11.4957% |— 7] — .6 | —1.8 |40 44 16.07/— 7 51.07 |—1.12|\—  26)—14 23.48/—1|52.2 
5 22.5713 |18.53897 |+ 13 —1.2 | — .5 /40 34 41.28/-+ 1 41.86 |4+ 19/— 25/4 3 93.11/—1 
6 17.8233 |25.0887 |+ 62 —1.7 | —1.1 |40 89 27.41.— 3 3.67/— 19\— 40\— 5 23.10/—1/51.8 
8 12.7987 |25.3140 |— 69|— .7|— .4 |40 41 40.16/— 5 16.06 |— 34,— 16)—10 23.50/—2|51.9 
9 26,7080 13.8717 |+ 23) —1.9|— .7 |40 30 58.71|+ 5 24.28 |-+ 50\/—- 388)/-+10 23.21/—2 
10 30.5980%" | 9.18707 0} — .4/— .3 |40 27 21.11/4+ 9 0.81 |41.34/— 10)+17 23.383|/—2 
Nie mal 11.9567 |27.8633 I— 8!+ .6|— 4 |40 29 40.38/+ 6 41.76 |+ 60/4 8411 22.93|—2/51.3 
2 23.8790 19.2708 |-+ 43 +1.6 | +1.6 }40 88 19.11/— 1 56.51 |— 9+ 46\— 3 22.94/23 
* Sept. 3 SielpoS i Ov4o" | Loh [ed 0 |40 26 26.40/+ 9 55.58 |+1.47;— 22/23 23.46|—2 
22 {IV 1) R \19.38177 |21.8973 + 9)/— .8)+1.7 /40 35 17.72)+ 1 5.17 | 17\+ 9+ 2 23.17) 0/56.5 
2 26.6190 {15.0887 |+ 58)/+ .7|—1.4 40 41 15.58|\— 4 51.50 /— 33;\— 7— 8 23.60} 0 
3 12.2870# |31.9800% |— 4) — .8|— .8 |40 44 41.53)— 8 17.39 |—1.05|— 22/—17 22.70} 0/56.4 
4 11.20804 |29.9270% |— 6) +1.0] +1.0 |40 44 16.48|\— 7 52.78 |—1.05)+ 28)\—14 22.'79/—1155.6 
5 18.8803 /22.8993 /+ 21/+1.2|— .2 |40 34 41.69|+ 1 41.56 |+ 19/4 16/4 3 23.63|—1 
6 25.8697 |18.0827 |+ 77) — .4 0 (40 89 27.79\— 3 4.25\— 20),— 6/—5 23.23|/—1 
q 34.6610%" | 9.3477! |-- 63) —1.0 | — .9 |40 25 41.91 --10 39.52 |+1.43/— 2'7/-+25 22.84|—1 |56.2 
8 27.6550 (15.1517 |+-105) —1.0 | —1.0 40 41 40.48/— 5 16.07 |— 34\— 28/—10 23.69/—2/56.0 
9 14.7148 (27.5057 |+ 82) +2.0/-+ .6 [40 80 59.01/+ 5 28.28 |+ 50/4 38/410 23.27|—2 
10 11.9420% |33.3263'" + 24/+ .8|— .2 40 27 21.39\+ 9 0.18 )/41.27/4+ 10/417 23.11;—2 
Vile 29.7400 |18.8518 |+-166] —3.1 | —1.6 |40 29 40.67/+ 6 41.73 |+ 60/— 68/11 22.43|/—2 
2 18.7050 |238.3083 |-+ 28 0|— .4/40 38 19.80\— 1 56.21/— 9/— 5|\— 38 22.92) —2/55.1 
4 27.0210 {12.5488 |— 21) + .2|— .4|40 42 29.61, 6 5.49 |— 42/— 2/—11 23.5'7|—3]55.2 
5 7.0733! |30.6263%" |— 24 +7) + 27 40 26 27.62)+ 9 54.83 |+1.35/+ 20/+19 24.09|—3 
6 18.8070 |19.8743 |— 5|/—1.1/— .7 /40 86 49.89\— 26.95|/+ 9/— 26/—1 22 .76|—2/55.0 
ft 27.9570 {18.0867 |+- 45) +1.7)-+ .7 40 42 39.04\— 6 15.70 |— 42/+ 386/—12 23.16|—3 
Sept. 8) 99.7237 118.1948 |-+ 12|/~— .7|— .4 |40 34 28.46/+ 1 54.43 |)4+ 23;)— 16/4 4 28.00|—3 
27 |I 2| D |27.7683 |13.3067 |+ 46|— .1|— .8 |40 42 29.56,— 6 5.40|— 49/— 12/—10 23.45/-+-9/50.2 
3 23.7950 |18.8000 |+ 389)— .7|/— .2 40 34 16.59/+ 2 6.27 )|/+ 25\— 14/+ 3 23.00|-++9 
4 19.5550 /22.8560 |+ 23)/+1.3/— .1/40 34 59.81/4 1 23.44 /4+ 19/1 18/4 8 23.65|+-9/49.6 
5 17.8337 |22.3470 Oj+ .8/+ .5 40 24 28.76/+ 1 54.00 |+ 28/4+ 19/4 3 23.21/-+-9)50.0 
6 19.7210 /20.14'70 0/ — .1 | —1.9 |40 86 12.64/+ 10.76/+ 11/— 26 0 23 25/8 
Tf 29.7663 |11.8113 |-+ 58)/—1.0/— .1 40 28 39.41/-+ 7 46.30 |4+- 77j— 17/+15 22.46/-+8 
8 32.8770" | 8.96978 |4- 15] +14 | +1.2 |40 26 30.42)/4 9 51.28 |+1.37/4+ 37/417 23.61/-+-8/50.2 
9 25.6093 114.0153 |— 14/— .1]— .4 /40 31 30.10/4+ 4 52.82 + 50)— 6/+ 8 23.44/+-8 
10 13.9743. |25.5833 |— 12/—1.2/— .4 /40 41 16.43)— 4 53.20 |— 31/— 24|—138 22.55)-+-6/49.6 
Liye 19.1248 (19.9077 |— 38/+ .6)/-+ .5 40 36 42.38\— 19.78 /+ ‘7+ 16 0 22.83/-+6]/48.4 
4 22.0410 |1'7.2528 |— 18/+ .7|/— 8 40 88 24.04,— 2 0.93|— 8/+ 1/— 3 23.01|-+6 a 
5 11.'7290% 129.0023 |— 6 — .5|— .4 |40 29 5.50/\+ 7 16.29 |+-1.13/— 12/412 22.92|+-6/48. 2a 
6 30.2797" |10.5453% 0! —1.0|— .1 /40 28 3.58/+ 8 18.48 |+1.22;/— 17/+-14 28.25/-6 
q 13.0347% |28.4167'" |— 20) + .5 | —1.3 40 29 53.85|/-+ 6 28.48 |+1.05)— 9)4-11 23.40|-+-6 
8 27.0200 111.4127 |— 74) -+1.4 |— .3 140 42 58.19|\— 6 34.04 |— 52/-+ 18)—11 23.'70|-L5 
Sept. 9 17.6263 |20.5270 |— 16)— .2|-+1.1 |40 37 35.99|— 1 18.23 |-+ 1j/+ 11/— 2 22.86)+-4/48.3 
cOneik 12 13.4670 |27.93867 |+ 59)-+1.1)-+ 7 |40 42 29.67, — 6 5.638 |/— 49\/+ 26/—10 28.71|+-9/51.9 


370 THE SAYRE OBSERVATORY. 


Levels Corrections 
1893 | Pair | P Micrometer CL aos) Latitude | A | Ther. 
A B Micrometer Cy I r 
Sept. CO ii Ol aa 
28 iI 3) D/19.5267 |24.54938 |+ 60) —2.2 | 2.4 |40 34 16.72/+ 2 7.01 |-+ 25|— 64/+ 3/40 86 23.37/+8)/51.5 
4 23.0000 |19.69387 |-+ 26] —2.8 | —2.2 |40 34 59.95/4 1 23.58 |+ 19/— '72/+ 3 23.03/-+8 
5 21.8747 |17.383138 |— 12) —1.9 | — .9 |40 34 28.92/+ 1 54.73 |4 238/— 41\+ 3 23.50|-+9 
6 22.1217 {21.7873 |+ 6)/+1.7|-+1.9 |40 36 12.78/+ 9.72 |+ 10/+ 50 0 23.10/+-8)51.2 
7 11.5767 /30.0217 |4 85)-+4+ .8|-+ .3 /40 28 35.58/+ 7 46.11 |+ ‘77/+ 16/415 22.77|-8 
8 9.39804 |32.8053%" |+ 22) +1.2 | — .3 /40 26 30.61/+ 9 51.29 |41.87/4 14/417 23.58/+8/51.1 
10 27.5210 |15.9850 |+118)/-+ .1)-+ .1 /40 41 16.61|— 4 52.95 |— 31/+ 3/—138 23.25) +6 
156 a 18.2548 {19.5707 |— 7— .6|— .3 /40 36 56.49\— 38.23 /+ si— 14/—1 23.19|+6 
2 20.8690 |20.0917 |+ 38/+1.1)-+41.5 /40 36 42.59,— 19.64/4+ 7+ 36 0 23.38)+6 
4 19,1540 |23.9600 |-+ 44/— .2|— .5 |40 38 24.26) 2 1.50|— 8\— 10|\— 3 22.55)/+-6|50.4 
5 28.9383%" |11.6770% |— 6) —2.4|— .8 40 29 5.75)/+ 7 15.98 |41.18\— 47/+12 22.51/+-6 
6 10.43504 |30.1853%" 0} +2.5 | +2.5 /40 28 3.83/+ 8 17.60 |4+1.22/+ '70/+14 23.49/+6/49.3 
Sept. K 28.6610 |18.3170% |— 28) + .6 0 40 29 54.10/+ 6 27.49 |41.05/+ 10/411 22.85|+-6/50.1 
29 {I 2] D [27.5997 |18.0967 |+ 31) -+8.1 | +2.3 |40 42 29.79, 6 6.41 |— 49/+ '78/—10 23.57/+-9|51.80 
3 23.7487 |18.7777 |+ 40/4 .3|-+ .9 40 34 16.85)/+ 2 5.67 /+ 225/+ 16/4 8 22.96/-+9 
4 19.4887 /22.71383 |+ 20/+1.6/}+ .1)|40 35 0.10/+ 1 22.77 |+ 18/+ 26/4 38 23.34\19/51.5 
5] 18.1458 (22.6570 |+ 18/+ .2|— .9 |40 34 29.08/+ 1 54.00|+ 23I— 98/+ 8 23.26|-+9 
6 18.4407 (18.8223 |— 4/+1.1}— .1 |40 86 12.95) 9.63 |+ 10/+ 16 0 22.84/+-8/51.1 
uf 30.1883 {11.7117 |+100)+ .5 |-+1.0 |40 28 35.76/+ 7 45.69 |+ 77/4 20/415 22.57/18 
8 32.3193" | 8.96704 |+ 138) +-1.1 /+8.4 |40 26 30.81/4+ 9 49.88 |+1.86/+ 60/+17 22.82/+-8|50.4 
9 25.9887 /14.4420 |4 13) +1.6 | +1.4 /40 31 30.51/+ 4 51.56 |4+ 50/+ 43/+18 23.18)+8 
10 13.1683 24.8223 |— 70/4 .4/-+ .8 |40 41 16.88\— 4 54.19 |— 31/+ 16/13 22.36|+-6/50.1 
Heal 20.4793 |19.1573 0) —1.4 | —2.0 40 36 56.59\— 33.39 /+ 8|— 47\—1 22.80/+6 
2 18.6597 |19.4523 |— 3)/— .4|4+ .3/40 36 42.80I— 2001/+ TW— 2—1 22.83/+6 
3 10.8613 |27.5967 |— %5)/-+ .9 0/40 29 19.60/+ 7 2.52/+ 70/+ 14/1138 23.09) +-7/49.5 
4 22.5390 {17.7097 0} + .6|— .2 /40 38 24.49, 2 1.99|\— 8/+ 7—8 22.46|+-6|49.6 
5 11.3097 |28.5583%¥ 0} +2.3|/-+ .8|40 29 6.01/4+ 7 15.67 |41.13/4+ 46/412 23.39/+-6 
6 31.6508'" 11.9567 |— 38) — .4| 41.4 |40 28 4.10)-+ 8 17.48 |41.22/4+ 12/414 23.01/+-6/49.1 
FI 14.1757# |29.5133% |— 51/+1.3}-+ .8 |40 29 54.38) 6 27.28 |+1.05/+ 30/411 23.12/++ 
8 28.3907 |12.7603 |+ 52)/+1.7)-+ .2 |40 42 58.71/\— 6 34.94 |— 52/4 29/—11 23.43)/-+5 
9 19.6037 /22.5100 |+ 17)/— .2/+ .7|40 37 36.47, 118.46/+ 1/+ 6/— 23.06|++-4/49.1 
V1) R 28.6147 /12.7608 |+ 64)/+ .7|+ .4/40 29 41.25/+ 6 40.64 |+ 66\+ 16/411 22.82/—2/45.7 
2 18.9317 /28.5413 |+ 34/+ .8|— .8 40 38 19.77\— 1 56.52 |— i11/+ 8i— 8 23.19)—2/45.6 
3 9.90408 |33.4557" |-+ 36] — .6 | + .2 |40 26 26.90/+ 9 55.00 |41.44,— ‘7/24 23.51)— 
4 138.2317 |27.72387 |+ 41) --2.1 |— .2 |40 42 29.95, 6 6.17 /|— 48/— 35/—11 22.84/—2 
5 32.1460 | 8.55834 |+ 8] —2.4 | —1.6 |40 26 27.75)/+ 9 55.84 |4+1.18\— 58/419 24.38/—2/44.6* 
6 22.8390 |21.2967 |+ 11 0)/— .9 |40 36 49.99\— 2636/4 9/— 12\,—1 23.59|—2 
a 14,6293 |29.4640 |+178) —1.8 | — .4 |40 42 39.10,— 6 15.17|— 48/— 33/—12 23.00) —3/44.8 
8 18.5677 |23.0987 |+ 25)/— .8|]— .4/40 34 28.43/+ 1 54.51 |+ 25/— 10/4 4 23.13/—3/44.5 
9 13.3943 [27.2333 |- 25) —1.6 | —1.4 |40 42 18.89|— 5 49.683 |— 46)— 43/— 9 23.28|—3 
Sept. 10 23.5420 |20.8973 |+ 87/+2.1]-+ .9 |40 87 438.23;\— 119.53 /— 5/-+ 44\— 8 24.06|—3/43.9 
30 2| R /12.5993 |27.0997 |— 13}-+ .7|/— .8 |40 42 29.89/ 6 6.23/— 49/+ 1/—10 23.08)+-9/50.4 
3 18.3863 |23.3873 j|-+ 27 0|— .5 |40 34 16.97|\4+ 2 6.39/4 %/— 6/4 3 23.58)+-9 
4 23.1290 /19.8493 |+ 29) —1.0|— .8 |40 85 0.24/+ 1 22.92 /4 18)— 26/4 23.11|+-9/51.0 
5 24,1943 {19.6960 |+ 52/—1.8 | —1.1 |40 34 29.24/+ 1 58.76 |+ -23;\— 42/4 3 22.84|/+9 
6 22.5923 [22.1823 |+ 6] —1.8 |—1.0|40 86 18.11/+ 10.87|/+ 10/— 82) 0 23.26)/+-8/51.0 
7 11.8447% |30.2907" |— 9) + .1]— .1 [40 28 85.93/+ 7 45.90 |4+1.19 0/-++-15 23.17|+8 
8 9.22434 |32.6107" |+- 18} 12.4/+ .1 |40 26 30.99/+ 9 50.76 |41.37/4+ 38/417 23.67/18 
9 15.3503 [26.8967 |+ 78|12.4|-+ .2|40 81 30.71/+ 4 51.85 |+ 50/4 40/4 8 23.54/+-8/51.0 
10 27.2777 115.6893 |+101) +1.1 | + .2 /40 41 16.99|\— 4 52.96 '— 381/+ 20/—18 23.79/16 
gh a 22.0733 [23.4087 |+ 23) 11.5 |-+ .1 /40 36 56.79\— 33.79/4 8/4 24/--1 23.31/16 
2 23.8370 (22.5850 |+ 12] -+1.8 + .8 40 36 43.01\— 20.29/+ 4 388—1 23.16} 6/50.2 
3 29.1037 {12.8938 |+ 71)/— .8|— .8 [40 29 19.84/+ 7 2.26/+ ‘70\— 16 +138 22.77|17149.8 
4 18.4017 (23.2080 |4- 25|—1/1.)—2.1 |40 38 24.72\— 2 -1.84/—— Si 441g 22.83/17 
5 30.4173'" |18.15084 |— 28) + .2|—1.0 40 29 6.27/+ 7 16.07 |41.13|\— 10 +12 28.49] 17 


* Turned in Azimuth, 


OBSERVATIONS WITH THE ZENITH TELESCOPE. ov1 


Levels Corrections 
1898 | Pair | P Micrometer C= Sd SYA) Latitude A | Ther. 
A B Micrometer 6 q r 
Sept. ‘ 0 (eo) // On “1 
80 {IL 6] R10.8307" |30.5327¥ + 6)— .2/40 28 4.87/+ 8 17.65 |41.22/+  %/+14/40 36 23.45|+6/48.7 
7| 128.6853 |13.3500# |— 32] + 5 0/40 29 54.65/-+ 6 27.97 |411.05/+ 8/+11 23.16|-16 
8 HQ SimieerOu ms | —— & 0 |— .2 |40 42 58.99,— 6 34.54 |— 52|— 2/—11 23.80/-+-6 
9 23.5970 |20.7247 |+ 387|—1.4 | —1.6 /40 87 36.72, 112.65 |+ 1/— 42/— 2 23.64/+-5/48.5 
V_ 1| D 12.3883 |28.2697 |-+ 29'— .3 | —1.8 |40 29 41.38)+ 6 41.36 |+ 66/— 21/+11 23.30)—2/45.6 
2 21.8730 17.2623 |— 14/+ .8 0 140 88 19.87\— 1 56.48 /|— 11/+ 4/— 3 23.34|—2)/44,4 
3 31.5238%" | '7.9763% |— 6) — .2 | —1.0 |40 26 2697/+ 9 54.78 |+1.44/— 16)/+24 23 .27|—2 
4 27.5417 13.0840 |+ 27) +1.5 0 |40 42 80.01\— 6 5.27|— 48/4 23)—11 24 38|—2 
5 7.74734 131.2983'7 |— 12/ + .1 | —1.6 |40 26 27.82/+ 9 54.86 |4-1.39/— 19/+19 24.07|—2)/45.0 
6 18.9887 |20.0720 |— 3] —2.7 | 1.3 |40 86 50.01;— 27.86 |+ 9/— 58/—1 22.15|—2)44.9 
7 27.5580 |12.'7150 |-+ 12) -+ .2 |—1.1 |40 42 39.12/— 6 14.96 |\— 48|— 11)—12 23.45|—3 
8 21.4873 (16.9787 |— 20) 41.7) + .6 |40 34 28.43/+ 1 53.84 |4+ 25)+ 34/4 4 22.90|—3 
) 25.8290 (11.9980 |— 87} +1.2 | — .4 |40 42 18.89|— 5 49.27 | 46/4 14)— 9 24.21|—3 
Oct. 10 19.1683 |22.3300 |+ 13)/— .6 0 40 37 48.21,— 119.90 |— 5|— 10/— 3 23.13/—3/44.4 
-1 {I 2} D 28.0270 |18.5150 |-+ 65) — .2 | +2.9 |40 42 29.98) 6 6.70 |— 49/4 384/—10 23.03/-+-9)/57.9 
3 22.2557 17.8020 |— 8]/-+ .2|-+1.5 |40 34 17.08)+ 2 5.10 |4 25/4 22/4 3 22.68/+-9 
4 16.8730 (20.1837 |— 29] 12.3 | +2.6 |40 85 0.85|4+ 1 22.28 |+ 18/4 68/+ 3 23.52|--9157.5 
5 17.5220 |22.0188 |— 8/+ .9/-+ .1 /40 34 29.87/4+ 1 53.42 /+ 28/4 16)-+ 3 23.21|+9 
6 20.1677 |20.5627 0} +1.4|+ 4/40 36 13.24/+ 9.98 |+ 10 26 0 23.58|--8]56.4 
7 80.0858 /11.6120 |-+ 87) -+ .6|-++1.4 |40 28 36.09)+ 7 45.56 | 77/+ 28/415 22.85|+8 
8 31.7310 | 8.37672 0} +1.0 | +2.1 |40 26 31.16/+ 9 49.88 |+1.36/4+ 42/417 22.99/-+-8 
9 26.0273 14.4920 |+ 14)+ .8 | +1.2 /40 81 30.90/+ 4 51.39 |4+ 50/4 28/+ 8 23.15|/+-8/55.8 
10 14.7163 [26.3540 |4+ 38) +1.3 | +2.6 |40 41 17.17) — 4 54.04 |— 31/4 58 —13 23.22|+-7/55.4 
Ie gl 21.6140 |20.2827 |+ 7+ .5|— .9 |40 36 56.98|\— 33.65/+ 8i— 4|—1 23.36)+6|54.9 
2 20.4448 |21.2507 |+ 6|/— 5|— .2 |40 36 43.20\— 20.38 /+ T— 10/1 22.78|--6 
3 11.8210 28.0287 |— 33)+ .9|+ .8|/40 29 20.07/+ 7 1.92|+ 70/4 18/418 23.00|+-7/54.4 
4 28.8237 |18.4777 |-- 26/+ .2|— .3/40 38 24.95\— 2 2.46|— 8\— 1} 3 22.37|/+6 
5 11.2103% |28.4840% |+ 4) 41.7 | +1.2 |40 29 6.52/4+ 7 15.05 |+1.18/+ 42/412 23.24\/4-7 
6 30.8520%" |11.1633% 0} —1.5 | —1.0 40 28 4.63/+ 8 17.29 |+1.22|— 36/414 22 .92|+-6/54.0 
fi 13.68631 /29.0117" |— 38} + .38|— .1 |40 29 54.97/+ 6 26.99 |41.05)/4 3/411 23.15)|+-6 
8 27.9723 |12.3873 |+ 18] — .8|—1.2 /40 42 59.26/— 6 34.94 |— 52/— 28 —11 23.41/-+-6 
9 18.8117 |21.7450 |+ 7/—1.8/-+ .8 |40 87 36.98)— 11410/+ 1/— 18|— 2 22.69)+-5/53.6 
V1} R 27.3980 11.5068 |— 52 0 | —1.2 |40 29 41.41/+ 6 41.27 |+ 66/— 16|/+11 23.29|—2/49.8 
2 18.4087 23.0217 |+ 21/+1.3/-+ .4 |40 38 20.00\— 1 56.69 (— 11/4+ 25|— 3 23.42|—2 
3 10.2263 |33.7867i" |-+. 42} —2.2 | —1.8 40 26 27.06/+ 9 55.20 |+1.44/— 57|+-24 23.37|/—2)50.3 
4 13.6653 |28.1327 |+ 75) —2.7 | 1.6 |40 42 30.11/— 6 5.61 |— 48)/— 47/11 23.44|—2/51.1 
5 34.8220%" |11.3260# |+ 64) — .7 0 |40 26 27.89/+ 9 53.68 |+1.39|\— 11)-+19 22.99|—2 
6 20.2920 19.2480 ~ 0} + .8|— .8 |40 36 50.07\— 26.37 |4+ 91 0|\— 1 23.78|—2 
7 18.3973 |28.2497 |-+ 72) —2.7 0 |40 42 39.16|— 6 15.88 |— 48/— 26)/—12 22 97|—3/51.1 
8 17.1270 |21.6747- |— 17|— .8 | —1.9 |40 34 28.45/+ 1 54.82 /+ 25|— 36/4 4 23.20/—3 
9 12.8747 126.7198. |— 15] — .9|— .1 /40 42 13.90\— 5 49.66 |— 46|— 16/— 9 23.53|—3 
Oct. 10 23.1357 |20.0027 |-+- 29) +1.1 | — .1 |40 387 48.21) 119.21|/— 5+ 16/— 3 24..08/—3}50.6 
2 |V 1| D |12.'7673 (28.5863 |-+ 63} +1.7 | +1.8 |40 29 41.68/+ 6 39.71 |4+ 66/4 48 +11 22.59|—2/53.6 
2 23.4330 |18.8267 |+ 31/-+ .1|— .9 |40 88 20.14;— 1 56.42 |— 11\— 10|\— 3 23.48|—2/53.9 
3 31.2990%" | 7.74871 |— 12) —2.4 | — .7 140 26 27.17/4 9 54.80 |41.44,— 46/424 23.19|—2 
4 27.8283 (13.8567 |+ 51 0 |—1.6 |40 42 30.21|\— 6 5.66 |— 48/— 20/—11 23.'76/—2 
5 7.18704 |80.'7507iv |— 21] — .4 | —8.2 /40 26 27.99|4 9 55.12 |+1.39),— 47/19 24, 22|—2 
6 20.1233 |21.2083 + 5)/— .7|+1.2 40 36 50.18\— 2729/4 9+ 4/—1 22.96|—2)/54.3 
a 27.4310 12.5593 0} — .2|— .8 |40 42 39.22\— 6 15.62 |— 48I— 13)—12 22.87|—3]53.6 
8| [22.7840 [18.2580 [+ 17/ + .1|-+ .8 |40 84 28.49/+ 1 54.36 [+ 25/+ 6+ 4 23.20|—8 
9 27.7390 113.8967 |-+ 66) +4.6 | +8.3 |40 42 18.93|— 5 49.80 |— 46)+1.14/— 9 24.'72| —3)53.2 
Oct. 10 18.0300 |21.2070 |— 8)-+1.6/-+ .4 |40 37 43.23|\— 1 20.22 |— 5|+ 30/— 3 23.23|/—3|53.4 
8 |I 2) R/13.6880 |28.1688 |+ 78/+ .8|— .7 |40 42 30.08\— 6 5.93 |— 49)/+ 4|—10 23.60|+-9)/63.4 
3 17.6790 |22.6600 |+ 6)/+1.8/+ .6 |40 34 17.22/42 5.81 |{ 25|+ 36|-+ 3 23.67|--9 
4 92.4157 (19.1440 |+ 17/—2.1|— .7 [40 35 0.51/+ 1 22.68 |+ 18\— 42/+ 3 22:98|+-9/63.0 


312 THE SAYRE OBSERVATORY. 
Levels Corrections 
1893 | Pair Micrometer Cc 1% (6 + 8’) Latitude A | Ther. 
A B Micrometer § r 
Oct. OQ 4 i Ont “ 
Oia, 9b 24.6127 |20.14538 |-+ 63} — .8}+41.8 /40 34 29.58/+ 1 52.99 |+ 23/4 12/4 3/40 36 22.95)/19 
6 22.2110 |21.88138 |+ 6)/+ .3 0 |40 86 13.47)/+ 9.61/+ 10\+ 4 0 23.22|+8 
1 11.4218 /29.8497 |+ 66)— .7 |— .3 /40 28 86.85|+ 7 45.60 |+ 77)— 15/415 22.72/18 /61.8 
8 8.6450! {82.0200 J+ 8) — .2}-+ .1 |40 26 31.46)+ 9 50.40 |41.387),— 2/417 23.38) +-9 
9| {18.7298 |25 2647 |— 344 0|— .2 [40 31 31.21/+ 4 51.43/14 50/4 2/4 8 23.24/18 
10 27.6830 |16.0693 |+129 + .5 |— .2 |40 41 17.48\— 4 58.64 |— 81/4 5 —13 23.45) +'7/60.9 
Gea! 22.2283 |23.5767 |-+ 25)— .4|— .5 |40 36 57.382;— 3412/4 8j/— 12/1 23.15|-+'7|60.6 
Oct. 2 23.1480 [22.8807 |+ 11)/+ .2|}4 .9 |40 36 43.58\— 20.67\/4 74+ 14,—1 23.11|+7/60.4 
Gen Voted 28.4850 {12.6400 /+ 53)/— .9 |—1.2 40 29 42.47/+ 6 40.35 |+ 66/— 30)+11 23.29|—2|52.9a 
2 18.6653 [23.8290 |-+ 28)/— .5 | —1.1 |40 38 20.83|— 1 57.86 |— 11/— 22|— 22.61/—2)/53.4 
3 9.1177% |32.6803 |+ 19} —2.0 | —2.1 |40 26 27.'73/+ 9 55.20 |41.44|— 58/124 24.03/—2 ad 
4 18.1767 27.7207 |-+ 388) — .8|-+ .4 |40 42 30.79,— 6 7.45 |— 48|\— 8/—11 22.67/—2 
5 31.7597" | 8.26334 0} — .4|}-+ .7 |40 26 28.50/+ 9 58.48 |4+1.39\+ 3/419 23.59/—2|52.5 
6 22.3847 (21.2527 |+ 11)/— .38]— .6 |40 36 50.53 — 27.386/+ 9)— 12/1 23.13|—2 
a 13.2953 (28.1710 |+ 65) — .4/-+ .1 (40 42 39.59|\— 6 15.90 |— 48/—  4/—12 28.05/—2 
8 19.4567 /28.9548 /+ 45/— .9 |— .1 |40 34 28.79/4 1 53.71 |+ 25/— 16/4 4 22.63) —3]52.1 
9 13.1893 /|27.1000 j+ 11/+ .9|-+ .9 |40 42 14.25|— 5 51.39 |— 47/4 26\— 9 22.56/—3 
Oct. 10 21.8177 {18.6230 |+ 4/+1.5|4+ .9 /40 37 43.42;\— 1 20.71|— 5/4 384/— 8 22.97|—3|51.6 
Sie. 12.8740 (28.6917 |-+ 73) —1.2 | — .1 |40 29 42.58/+ 6 39.71 |+ 66/— 20/411 22.86/—1/53.4 
2 23.3067 {18.6350 /+ 27; 41.5 |+ .2 /40 38 20.94,— 1 58.06 |— 12/4 26/\— 22.99|—2|53.4 
3 31.1083%" | 7.6137% |— 16) +1.8 | +2.5 |40 26 27.80\+ 9 53.89 |4+1.44/4 60/24 23.4'7/—2 
4 26.8397 |12.2850 |— 38/+ .6|+1.0 40 42 30.87\— 6 7.53 |— 48/4 22/—11 22.97/\—2 
5 7.88574 |31.3997" |— 9) +2.1 | — .5 |40 26 28.57/+ 9 53.89 |41.39/4 26/419 24. 30/—2|52.6 
6 19.3413 |20.4400 0; —2.1 | —1.7 |40 36 50.57/— 27.75 |+ 9/— 54/— 1 22.36|/—2 
7 27.5937 |12.7240 |+ 14/— .2|— .1 |40 42 39.63),— 6 15.62 |— 48), 4/—12 23.87|—2|52.2 
8 22.4077 |17.8923 |+ 5) +1.2|}+ .6 |40 34 28.81/4+ 1 54.06 |+ 25/4 26/4 4 23.42/—3 
9 27.8377 13.9630 | 75) +1.1|)-+ .4 140 42 14.21;— 5 50.64|— 47/41 e2i— 9 23.23/—3 
Oct. 10 18.4148 /21.5883 0; — .8 | —2.1 |40 87 43.43/— 1 20.17/— 5|— 40\— 3 22.78|—3}52.6 
On Ve wt 27.0853 |11.2560 |— 76) —1.0 0 |40 29 42.69/+ 6 39.62 |+ 66\— 16/411 22.92'—1|56.4 
2 16.9980 |21.66438 |-— 20 0 | —1.1 |40 38 21.02;\— 1 57.81 |— 12;,— 14/— 3] 22.92/—2|56.0 
3 8.99674 |32.4863 |4+ 16] +1.5 | +1.1 |40 26 27.86/+ 9 58.84 |4+1.44/+ 37/424 23.25/—2 
4 12.0800 |26.6623 |— 52) -+2.0 | +2.7 |40 42 30.94. 6 8.18|— 48/+ 66/—11 22.83) —2|55.4 
5 31,8683" | 8.37134 |-+ 3) —1.0 | — .4 |40 26 28.63/+ 9 538.387 |+1.389|\— 20/419 23.38|—2|55.5 
6 21.0467 |19.9697 |+ 3/4 .5/+ .5 /40 36 50.60\— 27.21/+ 9/4 14/—1 23.61/—2/55.1 
7 12.4847 |27.8743 |— 5/+2.0]+1.0 |40 42 39.66,— 6 16.06 |— 48/4 44|-12 23.44/—2 
8 17.6500 22.1577 |— 3)/— .4|— .9 |40 34 28.82/+ 1 53.85 |+ 25|— 18/4 4 22.78 —3|55.0 
9 14.3737 |28.2497 |+108) —1.5 0 |40 42 14,.22\— 5 50.75 |— 47/— 23\— 9 22.68) —3 
Oct. 10 21.7737 |18.6290 |+ 6) —2.4 |—8.2 /40 87 43.43|\—119.44|— 5|— ‘78|— 8 23.13/—3)54.1 
14k | 27.9567 |13.4387 |+ 59|/+2.0|}-+ .4 |40 42 30.84. 6 6.97/— 49/+ 36/—10 23.14)+9|59.6 
3 22.8003 {17.8390 |+ 10/— 9 |— .6 /40 34 17.66/+ 2 5.84 |+ a Be 22/4 38 23.06/-++9 
4 17.8117 |21.0410 |— 12] +1.6 0 |40 85 1.12)4+ 1 21.538 |+ 18/4 25/4 3 23.11/+-9|59.4 
5 18.7097 |23.1583 |-+ 28) +1.3 | +2.2 /40 34 80.383/+ 1 52.43 /4+ 28/4 48/4 8 23.50/-++-9 
6 21.8047 |22.16138 |+ 5)/— .8]— .6 |40 36 14.26|/+ 9.02 |\+ 10)— 12 0 23.26|-L8 
vi 29.6063 {11.2267 |+ 45|— .2|}—1.0 |40 28 87.34/+ 7 44.34|+ ‘77/— 16 +15 22.44/+-9|59.0 
8 32.0773" | 8.73204 |+ 10) — .7 | —1.0 |40 26 32.59/-+ 9 49.66 +1.36\— 24/417 23.54) +9/58.6 
9 25.6797 [14.1827 |— 4)/—1.9|— .4 /40 81 82.47/+ 4 50.37 /+ 50/\— 34 + 8 23.08)-++-9|58.6 
10 14,1163 25.8267 |— 3/+1.4/-+ .9 |40 41 18.73|— 4 55.76 |— 31/+ 33/—13 22.86|+-7/58.1 
1 20.5933 |19.1930 0} — .2}— .5 |40 86 58.67/— 35.87/4+ 8i— 10|\—1 23.27)/ +7 
2 19.4533 |20.2997 0; —1.8 | —1.4 |40 36 45.07, 21.38/+ 7— 46)/—1 23.29|/+7 
3 11.0983 [27.7523 |— 56 0!— .7 |40 29 22.244 7 0.49/4+ WOI— 9/4413 23.47|8)57.4 
5 10.9437% 28.1180" |+- 10} —1.0 | —1.9 |40 29 8.98/-+ 7 13.68 |41.13/— 40)+12 23.51/-+8 
6 30.7927" 11.1880# —<3.3 | —2.7 |40 28 7.25)+ 8 15.16 |+1.21;— 86/+14 22.90) 8 
i 12.9127" |28,1373" |— 14) — .8 | — .9 40 29 57.60\+ 6 24.49 +1.05)— 24/411 23.01|+7 
8 26.4313 10.6807 |—136]— .9 | —1.9 |40 43 1.95\— 6 37.47/|— 53/— 88/—11 23.46)-+-7/56.6 
9 18.8117 |21.8850 |+ 8/—1.1 0 40 37 39.47,— 116.38|+ 1/— 17/\— 2 22.91)+-6)56. 
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Levels Corrections 
1893 | Pair | P Micrometer Cc 44 (8+ 8) | = ‘| Latitude A | Ther. 
A B Micrometer 0) 1 r 
Oct. oS Pp Wi (Wi iI 
17 |I 2) R /18.4967 |28.0070 |-+ 64] +1.2 | +2.2 |40 42 30.31\— 6 6.68 |— 49/4 46/—10/40 36 23.50/+-9|52.4d 
3 18.9687 (23.9580 |-+ 44) —1.9 | —1.8 |40 84 17.67/+ 2 6.01 |-+ 25/— 52/+ 8 23.44|--9 
4 21.8527 |18.6310 |+ 7 + .7)-+ .6 40 85 1.20/+ 1 21.40 |+ 18/4 18/4 3 22.99|-+-9/52.0 
5 22.4137 |17.96138 |+ .7)/ + .7|-+ .9 /40 34 80.45/4+ 1 52.48 |-+ 23/4 22/4 3 23.41/-+-9/51.6 
6 22.5747 /22.2427 j+ 6) +1.0 | +2.4 |40 86 14.42/+ 8.40 |+ 10\+ 46 0 23.38|+-8/51.1 
7 11.5837 (29.9613 /+ 84) +2.0|-+1.1 |40 28 37.56/+ 7 44.40 |+ ‘77/4 45/+15 23.33/-++-9 
8 9.0873 |82.4060%" |+- 17) +2.2 |] -+ .2 |40 26 32.84) 9 49.05 |-+1.36)/-+ 36)-++17 28.78/+-9 
9 18.5383 25.0120 |— 49] +2.0 | +2.3 /40 31 382.76/+ 4 49.69 |+ 49/4 60/4 8 23.62|-++9|50.6 
10 14.4843 |26.1670 |+ 22) — .8|— .6 |40 41 19.05|— 4 55.15 |— 38l1|— 12/—13 23.384/+-'7/50.4 
HB Al 21.9930 |23.4127 |-+ 25) -+ .2)/+ .2/40 86 59.03;  35.92/+ 8/+ 6/—1 23.24|--7 
2 22.9007 122.0283 |+ 15] +1.0)— .8|40 36 45.47/— 22.07/+ 7+ 6/—1 23.52|)--7 
3 29.0703 |12.4437 |+ 73} —1.8 | — .9 |40 29 22.69/+ 7- 0.16 /+ 70/\— 40/413 23.28/--8 
4 19.4110 (24.3160 j+ 53} — .9|— .5 /40 88 27.58i— 2 4.08 9 20 4 23.22/-+-7/49.8 
5 29,7423" 112.6263" |— 20| — .9|— .2/40 29 9.52/+ 7 12.97 |+1.13;— 16/412 22.88|-++8) 
6 10.2313 |29. 7807!" 0} + .9 | +1.0 |40 28 7.83/+ 8 18.79 |+1.20)-+ 26/414 23.22]+8/48.0 
i 27.6753" |12.5083% |— 5] +2.2 | +1.6 |40 29 58.20/4 6 23.09 |-+1.05)/+ 54/411 22.99|-+-7/48.4 
8 12.2777 |28.0337 |-+ 14) —2.3 |— .8 40 48 2.56/— 6 88.02 |— 53/— 46/—11 23,44|--7)/48.5 
Oct. 9 21.8670 |18.8457 | 8] —1.5 |— .5 |40 37 39.76\— 1 16.34/4+ 1/— 30\— 2 23.11|/+ 6)47.6 
18 {I 2] D (27.9377 |18.4463 |-- 60) — .2|—-6 /40 42 30.26, 6 6.18|— 49)|— 10/—10 23.39|+-9)/54.1 
4) |1'7.75'77 |20.9983 |— 15} 4+1.5|/-+ .4|40 85 1:15/+ 1 21.81/+ 18/+ 28/4 3 28.45/19 
5 17.8407 |21.7963 |— 13} 41.0] -L .7 140 84 80.46/+ 1 52.50 |+ 23/4 24/4 38 23.46|-+-9 
6 19.7720 /|20.1093 0 0|— .5 |40 86 14.44/+ 8.52|/+ 10 — 6 0 23.00/+-8/53.6 
a 30.2797 {11.9117 |-+120}) —1.1 | —1.1 |40 28 87.59/+ 7 44.24 /+ T7/— 31/415 22.44/19 
8 31.8133!" | 8.5047! |. 3) — .7 0 40 26 82.88\+ 9 48.74 |4+1.36/— 11|+17 23.04/+-9 
9| |26.6117 |15.1490 |+ 60} + .4|-+ .1 |40 31 32.82/1 4 49.68/+ 49/+ 8/4 8 23.15|-+9153.9 
10 18.4117 /25.1313 |— 50) — .6|— .1 |40 41 19.11/— 4 55.89 |— 31/— 11|—13 22.67|-+-7|53.4 
Wh) al 20.3917 {18.9550 }— 2] +2.6 | +1.7 |40 36 59.11,— 3629/4 8/+ 62\— 1 23.51|/--7 
2 19.1870 |20.0900 |— 4| —1.9|— .3|40 86 45.54,—  22.80/+ Tj— 34/—1 22.46|+-7 
3 11.1258 |27.73863 |— 55} +1.8 9/40 29 22.81/+ 6 59.42 |+ ‘70\+ 28/413 23.34|-+-8/54.6 
4 21.7217 |16.7680 |— 22) +1.4)-+ .2|40 38-27.70\— 2 5.06/— 9+ 24/— 4 22.75) --7}54..9 
5 10.7453% |2'7.8363!" |-+ 18) +1.9 | 11.2 |40 29 9.67/+ 7 11.72 |4+1.13/4+ 45/412 23.09)-++8 
6 31.0127" |11.4613% |— 4) — .2|— .8 /40 28 7.99/+ 8 18.82 |41.21;,— 7+14 23.09|-++8 
df 13.0967 |28.2643'” |— 22) 11.9] + .9 |40 29 58.87/+ 6 28.04 |+1.04/+ 41)+11 22.97/+-7154.1 
8 28.0380., [12.2523 |/+ 12) + .6)-+ .1 |40 43 2.71/— 6 38.62 538;/-+ 11)/—11 23.56|-+-7 
oe 9 18.5350 (21.6117 0} + .8 | +1.6 |40 87 40.23)— 1 17.71 O\+ 3838)/— 2 22.83/1-6/53.6 
Ct. 
20.0 . 2) R 12.2267 126.7283 |— 47 0}-+ .5 40 42 30.14, 6 6.04|— 49/+ 6/10 23.57|-++9 
3 17.7050 |22.6793 |+- 7+ .4}— .8 /40 34 17.56/4 2 5.66/+ 25)+ 2/4 8 23.52/+-9} ° 
4 22.3980 19.1287 |-- 15)— 8|/— .8/40 35 1.12/+ 1 22,.49|— 6)— 22)4 3 23.36)+-9]52.5 
5 22.7107 18.2690 |+ 13) + .2|+ .6 /40 34 30.43/4 1 52.22 |4+ 23/4 10/4 3 23.01/19 
6 21.5383 /21.2080 |+ 3] + .8/+ .4 |40 36 14.44)+ 8.48 /+ 10\4+ 10 0 23.12|]--8/52.6 ° 
Oct. q 11.8260 |30.1970 |-+-109) +1.8 | -+ .8 40 28 87.62|-+ 7 44.30 |4+ W7/+ 32/415 23.16|/+-9/52.0 
21 |I 2| D 28.2888 |18.8010 |+ 90} + .2|— .6 /40 42 30.08\— 6 6.03 |— 49/— 4/—10 23.42)4-9153.7 
3 22.7403 17.7753 |+ 9) — .3 0/40 34 17.53/+ 2 5.43 /+ %/— 4/4 38 23.20|+-9)54.0 
4| |18.2897 /21.5270 |I— 2/+ 2/4 .7|/40 85 1.11/+ 121.76 |+ 18/4 12/4 3 23.20/-+9 
5| |17.4447 [21.8910 |— 9] 11.4] 12.3 |40 34 30.42/+ 1 52.28 /+ 23/-+ 51/4 3 23.47|+-9]58.1 
Oct. 6 18.9333 |19.2640 0} + .5|-+ .6 140 36 14.43/+ 8.35 |+ 10/+ 15) 0 23.03|}-L8 
24 {IT 2) R /18.2623 (27.7457 |+ 41) — 2/4 .4/40 42 29.95, 6 5.90|— 49/+ 2/—10 23.48|+-9)/64.4 
3 17.8760 {22.8528 |+ 138) + .1|-+ .1/40 3417.43/+ 2 5.71 |4+ 25/4 3/4 3 23.45|++9 
4) (92.8117 19.5717 |4+ 221+ 4/+ 1/40 85 1.05/+ 1 21.89|+ i8|+ 8/+ 3 23.23|-1.9164.0 
5 24.0437 |19.6010 |+ 46) + .6| +1.8 |40 34 30.41/+ 1 52.33 |+ 23/+ 32/4 3 23.32/-+-9 
6 21.1747 |20.8457 0! + .8 | +1.2 |40 36 14.46/+ 8.31 |+ 10\+ 28} 0 23.15)+8 
vil 30.0963 |11.'7543 |-+100) +1.5 | +-2.0 |40 28 87.70/+ 7 48.51 |+ 76/+ 48/415 22.60|-L9 
8 32.4210 | 9.1257 |+ 15] + .8|-+ .7 |40 26 38.05/-+ 9 48.39 |11.36/4  22/+-17 23.19|+-9|62.9 
9 25.6243 14.1703 |— 8|-+ .4/+1.2 /40 81 38.05/+ 4 49.26 |4+ 49/4 22/+ 8 23,10)+-9 
10 25.9963 14.2800 |4+ 8} +1.7|-+ .8 |40 41 19.89)/— 4 55.93 |— 31|-++ 30/—13 23.32|-+-7|63.3 
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Levels Corrections 
1898 | Pair| P Micrometer (6 (6 + 6) ; Latitude A |Ther. 
A B Micrometer 6 U r 
Oct. | OG. 1 ara Ol fe av 
24 (II 1) R |20.6450 22.0867 !-+ 18) —1.3 |— .6 |40 36 59.48\— 386.45 /+ 8\— 28/— 140 86 22.82|/-+-7/63.4 
2 21.5467 /20.6293 |+ 5 .6 | +2.6 |40 36 46.00;\— 28.19 |-- 6/4 42;/—1 23.28|+7)- 
3 30.0150 |18.4540 |-+-168) —1.5 |—1.1 |40 29 23.36/4+ 6 58.70 |+ ‘70\— 37\+13. 22.52) +8/63.2 
4 19.0127 /23.9760 |+ 44/+ .8|-+-1.0 /40 88 28.28) 2 546/— 9/4 25/— 22.94) 4-7 
5 29.5037%* |12.43334% |+ 96) — .2}/-+ .2 |40 29 10.386)+ 7 11.88 |+1.43 0/12 22.99)-+18 
6 10.3780% |29.8870%" 0} +2.0}+1.8 40 28 8.75|/+ 8 12.738 |11.22)4+ 54/414 23.38) +8) 63.6 
ii 28.3593%" |138.1997% |— 24 0|— .2 40 29 59.17/+ 6 22.82 |41.05|— 2)+11 23.13/+8 
8 12.1687 |27.9873 |4+ 7— .38!—1.1 |40 48. 3.57;\— 6 39.67 |— 53/— 18/—11 23.08)--7 
Oct 9 22.6777 |19.6140 |-+ 20) —1.2 | — .7 |40 87 41.02)/— 1 17.43 OjK— 28/— 2 23.29|+-6/62.6 
25 | VI 1) D /15.3873 (23.9877 |— 18) —2.7 | —2.5 |40 32 45.19/+ 8 38.47 |4 44/\— 74\4 7 23.43)/—3/41.1b 
2 24.6123 {17.5397 |+ 44) —7.7 | —6.2 |40 88 25.69/-+ 2 58.76 |+ 36/—1.98/-++ 5 22.88|—3 
3 28.0593 12.1757 |4+ 9/42.7]/+ .7 |40 43 5.48|\— 6 41.25 |— 61/4 51|—12 24.01/—3 
4 24.0150 |17.4547 |-+ 29) 1.4 | —1.6 |40 33 37.06)+ 2 45.78 |4+- 34/— 42/4 5 22.81|—3/41.1 
9) 23.0350 {17.8540 |+ 15)— .8| + .9 |40 88 83.85/— 2 10.91 /— 15|\— 1/— 4 22.74|—8/41.5 
6 9.344331 |30.9197%" 0) — .7 | —1.1 |40 27 16.92/4- 9 5.01 |+1.87/— 25/-++-20 23.25|—é 
ti 21.1510 |19.0450 0} —1.4 | 1.2 |40 87 16.60\— 53.20/— 3\/— 37/— 2 22.98|—4 
8 12.8600 {28.7753 |+-78/— .6/+ .1|40 43 5.69|\— 6 42.22/— 61/— 8/—12 22.66/—4/41.0 
9} 29.6893" | 9.45171 0} + .5 | +2.0 |40 27 50.08/+ 8 31.21 |41.29/+ 33/4416 23.0'7|\—4 
10 22.9293 {16.5500 |— 10) —3.9 | —1.5 |40 88 42.19/+ 2 41.11 |+ 383/— 8o0|+ 5 22.88|/—4/40.9 
ale 14.4380 |27.5157 |+ 74 — .6|-+ .3 /40 30 51.72/4 5 30.54/+ 63/— 6/+10 22.93|—4 
Oct. 12 30.0793 | 8.1223 |—117)—8.0 | —1.7 40 27 '7.92/+ 9 14.35 |41.01/— 68/+-18 22.78 —4/41.6 
28 |VI 1] R [25.8567 (17.2277 |+ 77) + 5 0/40 82 45.14/+ 8 388.16/4 44/4 8/4 7 23.89) —3|43.4 
2) |16.93847 |23.9598 |+ 18]/+ .9|— .5 /40 88 25.68/+- 2 57.48/+ 36+ 8+ 5 23.60|—3 
3 18.0497 |28.9240 |+ 91)+ .7|+ .2 140 48 5.39\— 6 41.22|— 61/4 14)-12 23.58|/—8|42.9 
4 17.6763 |24.2767 |+ 39)— .2|— .3 |40 88 86.88|/+ 2 46.82 |+ 384|-— 4 5 24.02|—3 
5 17.4817 |22.5917 0} + .6|+1.8 |40 88 33.65|\— 2 10.84 )|— 15/4 26/— 4 22.88/—3/43.4 
6} [82.0150 |10.4247% |4 11/+1.9 | 11.1 140 27 16.68)+ 9 5.38 (41.8714 44/120 24.07/38 
ri 19.5593. [21.6427 | 8/—2.2|—1.1|40 37 16.382I— 52.65/— 3/— 48si— 2 23.14|—4 
8 28.7170 {12.8487 |+ 75) — .8 | —1.3 }40 48 5.37\— 6 41.03 |— 60/— 29)—12) 23.33/—4|42.9 
9 11.1590% |31.4497%" 0) —1.2 | —1.4 |40 27 49.85/+- 8 32.55 |+1.24/— 36/416 23.44/—4 
Oct. | 10} {16.9818 23.3357 |+ 5) +44.1]+41.0 /40 88 41.75/-+ 2 41.79 |4 s3l+ 30/4 5 24.22|—4/ 43.1 
29 |VI 1] D/15.8880 |24.5253 |+ 11)/— .8 | —8.2 |40 82 45.17/+ 8 38.21 + 44— 54/41 7 23.35|—38/86.4 
2 24.6057 |17.5903 | 45) —2.6 | —1.3 |40 83 25.65/-+ 2 57.33/41 386|— 57/4 5 22.82|—3 
3 28.7960 |12.9423 |-+ 82) —1.7}+1.3 |40 438 5.39/— 6 40.69 |— 60/— 10|—12 23.88|/—3|37.2 
4 23.6700 {17.1027 |+ 16) —2.8 | — .6 |40 83 36.86)+ 2 45.94 |+ 34|— 51/4 5 22.68|\—3 
5 28.1208 107.9777 I= 17) 419.3) —— 5 140 188 83:61\— Oi 9:95) 1b at 23.45|—3 a 
6 8.5807% |30.1623'"|— 5)4- .2|/+ .5 |40 27 16.63/4+ 9 5.16 |411.26/4 10 +20 23.35|—3 
t 21.5050 {19.4090 |+ 5/-+ .9|/— .1 |40 87 16.26\—. 52.96|— 3]/+ 12|- 2 23.37/,—4|_ - 
8 12.1040 (28.0007 |-+- 4) —1.7/+ .1/40 48 5.29/— 6 41.58 /— 60/— . 25/12 22.'74,4|36.6 
9 31.0477" |10.7830% O}-+ .8)-+ .7 /40 27 49.65/+ 8 31.91 |41.18)4+ 14/416 23.04|—4/36.4 
10} 28.8308 [16.9498 |+ 51+ .2}+ .1 |40 83 41.63/4+ 2 41.19/4+ s3i+ 4/1 5 28,24|—4/36.5 
i 12.8850 (26.0197 |— 48)+1.5}+ .4|40 80 51.13/+ 5 31.69|+ 63/4 28 +10 23.83/—4 
Oct 12 30.2763 | 8.38077 |— 90) —1.6|-+ .7 140 27 7.25/-+ 9 14.72 +1.01/— 16/418 23.00|\—4/36.4 
380 {VI 1] R )25.2563 |16.6183 |+ 48] —1.1 | — .1 140 82 45.22 + 3 38.46 |+ 44/— 18/4 7 24.01|—3/31.4 
2 16.1147 |23.0953 |— 17) +2.4 | +8.4 |40 83 25.68/+ 2 56.30 + 36/+ 80\+ 5 23.19) —3 b 
3 12.9173 |28.7980 /+ 81}/+1.8|— .9 |40 43 5.42/— 6 41.89 |— 60/4 16/12 23.47/—3 
4 17.9713 |24.5500 |+ 48)+ .9 +2.0 |40 33 36.86)/+ 2 46.82 |+ 34/+ 40/4 5 23.97) —3/31.5 
5 17.9310 23.0653 _ + 15) —2.0 | — .9 |40 38 33.60\— 2 9.74|/— 15|/— 42/— 4 23.25|/—3 
6 31.4278 | 9.82677 |4- 5 0) + .5 40 27-16.60/+ 9 5.70 |41.26/+ 6/420 23.82/—3 
7 19.4680 [21.5847 |4 8/4 .7|— .2|40 3716.21, 53.50\— 3/4 si—9 22.'74|—4. 
8}. [27.9240 |12.0860 0| — .7 | —1.0 |40 43 5.23/— 6 40.10 |— 60/— 24/12 24.17/—4/31.5 
9 10.6640# |30.9510i” 0 0|-+ .1/40 27 49.57/+ 8 32.49 |11.18/4 2/116 23.42/—4/31.0 
10 18.6797 |25.0197 |-+ 72) +4.4) +4.6 140 38 41.58 + 2 40.35 |-+ 83)41.31\+ 5 23.57|—4|31.4 
11 27.3080 |14.1927 |+4 58/+1.6 | +8.2 40 30 51.02/+ 5 31.34 |+ 63/+ 68/+10 23.77|—4 
12 9.4387 (31.4597 |+ 53) —2.4 | —1.9 |40 27 7.12/4+ 9 16.44 +1.02)/— 63/+18 24.13|—4/31.0 


OBSERVATIONS WITH THE ZENITH TELESCOPE. 370 


Levels Corrections 
1893 | Pair | P Micrometer || ae ie ee re eg) Latitude A | Ther. 
A B Micrometer § 1 r 
Oct. Oo 7 W Gf Vs 
31 [II 1] D |20.5410 /19.0810 0} +-2.0| + .2 40 87 0.12\— 36.88/+ 7+ 34\— 1/40 36 23.64/+-7/38.0 
2| |20.1450 |21.0908 |-+ 5 0 |— .2 140 36 46.72, 23.89/+ 6— 2I—1 22.86/18 
8] 11.6487 |28.1897 |— 9] +1.9 | +2.0 |40 29 24.20/4 6 57.97 |4+ ‘77/-+ 56/113 93.63|-8/37.4 
4| |21.6737 |16.6473 |— 27] +1.9 | 12.4 |40 38 29.17, 2 6.91|— 111+ 62/— 4 92.73/17 
5} «(11.7468 |o8.7s97i|— 6/4 .1/-+ .8 140 29 11.36/+ 7 10.53 |+1.04/+ 12/412 23.17/18 
6} |29.'7930%" | 10.8117 0) — .3|— .4 (40 28 9.86/+ 8 12.12 |4+-1.13/— 10|--13 23.14|+8/37.4 
7| |18.1893i |28.2840i" |— 19] +2.6 | +2.2 140 30 0.32/+ 6 21.26/41 94/+ ‘70/4111 23,33|+8 
8} |27.4257 11.5597 |— 45 Qil=—02 140 454.76 — 6140.68 60/7 3|-—12 23.34/18 
9| |18.8463 |21.4823 Off Sy =o 10-07 42.20/— 1119.20 1 36-8 29.59|+6|37.6 
Itt 1] [17.5220 |26.4983 |-+105 0|/+ .2 |40 40 10.69\— 8 46.89 |— 32/4 2Q— 7 93.43|1-7/37.6 
2 3.83331 |31.'7390'" |—104| — .7 | —1.0 |40 24 87.22/411 44.67 |4+1.51|/— 24/+21 23.37/17 
4| 27.4580 [15.0607 |+ 94|+- .7|-+1.8 |40 41 36.96/— 5 13.28|— 47/4 35/— 8 23.48|17/37.6 
Bi ~118.0988) 722.7447 | 14|4- .8:) — .1 140 88 20.58\— 1 57.56|— igit 4|— 4 22.89/ +6 
6} 27.8587 {12.6620 O|-+ .4|}-+ .4 140 42 35.40|— 6 11.25 |— 49/4 12/14 23.64/15 
"| |1'7.8680 |28.95'70° |-+ 251+ .1/+ .9 /40 39 9.76|— 2 46.64 |— 22/+ 13\— 5 22.98/-1-5/37.2 
8} 26.8880 15.5873 |+ 81|+1.4|41.7 |40 41 8.46\— 4 44.41 |— 40/4 44|10 23.99|—5 
9| {15.1520 |26.0553 |+ 39/+1.4|+1.2 /40 81 46.95|+ 4 35.53 |+ 56/+ 38/+-10 23.52\+-4 
10 9.26734 |30.1623'" 0} -+ .6|— .2 |40 27 34.18/4 8 47.838 [41.194 7/+15 23. 42|15|36.5 
VI 1| D /15.7880 |24.8573 |+ 4)+ .6 0 [40 32 45.27\-+ 3 37.75 |4+ 44/4 10/4 7 23.63|—3|33.5 
2| 23.8717 |16.85338 |+ 16] —2.0 | —1.8 |40 88 25.77/41 2 57.34 |4 386\— 56/+ 5 22.96|—3 
4| (24.3983 |1'7.8097 |+ 45/— .3/+ .1 1/40 38 86.87/+ 2 46.42 |4+ 34/— 4)/+ 5 23.64|—8/32.8 
5]. |28.7650 |18.6220 |+ 36/-+ .3|— .6 /40 88 33.60|\— 2 10.01|— 15\— 3/— 4 23.37|—3 
6} |10.2963% /31.8953i” |+ 10] —2.3 | —3.7 |40 27 16.59/+ 9 5.66 |41.26/— 85)/-+20 22.86|—3/33.2 
7) |21.9003 |19.8083 |+ 10/— .1|~— .6 |40 87 16.19|\—  52.87/— 3/— 10); 2 23.17|\—4|33.1 
8} 12.4527 28.8503 |-+ 387/+1.7 |} + .5 140 43 5.19|— 6 41.69 |— 63\4+ 34)—12 23.09|—4 
9} |29.9627i" | 9.68774 0 0|-+ .8 |40 27 49.51/+ 8 82.18 |41.18)+  4/+16 23.07/—4 
10| 22.7717 |16.3907 |— 16 0) -+ .7 140 38 41.45|+ 2 41.15 |-+ 33/4 9/4 5 23.07|—4|32.8 
11} (14.6163 (27.7633 |+ 90)/+ .1/+4 .1 [40 30 50.94/+ 5 32.35 |+ 63/4 3)/-+10 24.05|—4 
Nov.| 12) 31.7510 | 9.7848 |+ 97/— .8|+ .1 /40 27 7.01/+ 9 15.17 /41.01/— 12/418 23.25| —4/32.9 
3 {II 2} R |20.8960 /19.9520 |+ 3) +4-1.5 | -+1.7 |40 36 46.79\— 23.85 Gl 46I—. 1 23.45|-+7/48.9 
3| (28.6093 |12.0877 |+ 33|— .2/+4 .2 |40 29 24.32/-+ 6 57.40 |4 77 0/-+18 22.62)/-+8/48.5a 
4| 18.7677 |28.7700 |+ 89)/+ .6/|+41.4 |40 88 29.33\— 2 6.46|— 11/4+ 28|— 4 93.00/-+-7 
5} 29. 2093%* 112.1817 |— 12) — .8| 4 .9 |40 29 11.57/-+ 7 10.07 [41.03 6|-+12 22.85)-+8 
6|  |11.2283 |30.6763% |— 2} 11.4 | 12.0 |40 28 10.11/+ 8 11.24 |41.13/4 48/413 23.09|--8/47.6 
7 27.6570!" 112.5857 |— 8) + .2| 4 .2 140 30 0.60\+ 6 20.68 |+ 94/4 6)-+11 22.39|--8 
8} {12.6850 |28.5583 |+ 59/— .5|-+ .9 |40 43 5.07|\— 6 41.09|— 6o/+  4)/—12 23.30|-+8/48.2 
9| (22.5243 |19.3793 |+ 17]/— .3.)+ .2 |40 37 42.52\—119.48/— 1/— 2-838 22.98|--7/48.2 
Nov. |[II 1} (24.6897 |15.6240 |+ 6|+2.3 | 41.8 |40 40 11.09|\— 3 47.74 |— 82/4 60\— 7 23.56|-+-'7/48.1 
6 {IZ 1} D |20.5303 |19.0773 0} +1.0] + .4 [40 37 0.20\— 36.70|+ + 2ij—1 23.°77|-+'7/48.5 
2) 18.1853, [19.0773 |— 10} 1.7 |— .9 [40 36 46.85, 23.77/4 6|— 39/—1 22.'74|-+7 
3} {11.8937 [27.9383 |— 33|/-+ .6|-+ .2°7140 29 24.42/+ 6 57.83 |+ ‘77/4 12/418 23.27|-+8|47.9 
4) 21.2317 116.2073 |— 39|— .6|— .4 |40 38 29.46, 2 6.82/— lij— 14/—4 99.35|+-8]47.1 
5) |11.2983# |28.3253 |+ 5!/— .7|— .3 |40 29 11.72/4+ 7 10.11./41.03;— 16/412 22.82|-+8 
6| |31.2973'7 |11.8220% |— 6] —1.2 | — .7 |40 28 10.81/-+ 8 11.93 |411.13|— 28/418 23.22|+-8/46.6 
Y| |18.7288# |28.8170' |— 37) 41.5 | 41.2 |40 30 0.82/-+ 6 21.04/4 94/+ 40/411 23.31|+8 
8| (28.0658 |12.1773 |+ 11)+ .8|+1.2 |40 43 5.81/— 6 41.85 |— 60/+ 28|—12 23.52|-+-8/46.2 
9} |19.2483 (22.8870 |-+ 15 0 0/40 37 42.77/,— 1 19.45 |— 1 o\— 3 23,28|-18 
IIT 1| R [25.4967 [16.4937 |+ 54/+ .6)+ .7 |40 40 11.41\— 3 47.55 |— 32/4 18)— 7 23.65)+-8/46.4 
2; [34.2377 | 6.3920% [4+ 15) +1.5 0 140 24 37.95)-+11 43.40 |-+1.50\+ 24/421 23.30 +-7/46.1 
3| |18.7710 125.5518 |— 24|/— .8|— .4 |40 41 21.38\— 4 57.51 |— 43, 18\— 9 23.17|+-7/46.0 
4| 14.3640 126.7727 |+ 41/— .1!— .3 [40 41 87.81|/— 5 18.54|— 47;— 6/—9 23.65 +-7/49.1 
5| 123.7810 |19.1217 |+ 40|— .2 0 140 38 21.44|- 157.79 |— 13, 3\—4 23.45/16 
6} |15.0447 [29.7273 |+205) +1.1 0 [40 42 36.23\— 6 11.40|— 49|+ 18|—14 24.38) 4-5)44.6 
7 125.4020 /18.8270 |+ 982|— .3 |—1.4 |40 39 10.75|\— 2 46.29 |— 22\— 23)— 5 23.96|+-6)44.4 
8| 15.8988 |27.1'733 |-+102/— .6 | 2.3 |40 41 9.42\— 4 45.06 |— 40\— 40/—10 93.46|+5|43.6 


376 THE SAYRE OBSERVATORY. 


Levels Corrections 
1898 Pair’) P Micrometer C (6+ 8) f Latitude A| Ther. 
A B Micrometer 6 U r 
Nov. | M1 OY “ 
6 /III 9| R [27.5900 |16.7383 |+140)+ .1 0 |40 81 47.88\+ 4 34.46 |+ 56)+ 2/410 40 36 23.02)+5 a 
10 29.8977!" | 9.0507% |— 3) 2.7 | — .9 |40 27 85.21)/4+ 8 46.58 |41.19)— 55/415 22.58)+5/44.3 
VI 1) R (24.6047 (16.0053 |+ 16)— .1 0/40 82 45.54/+ 8 87.27 |+ 44,— 2/4 7 23.30|—2/41.0 
2) 16.5087 | 23.5023 0| — .8 |— .8 |40 33 25.99/+ 2 56.67 |+ 386\— 16/4 5 22.91/—3 
3| 14,1150 /29.9620 |+189} —1.2 | — .2 |40 43 5.57/\— 6 40.78 |— 60)— 22)/—12 23.85|—3/40. 4 
4| 18.4507 [25.0223 |4+ 67]  0|-+ .6 (40 83 86.89|+ 2 46.18 /4 84/4  8|+ 5 23.54|—3|40.0 
5) 18.3993 |23.5290 |-+ 31/+ .1 | —1.3 |40 88 33.56/— 2 9.65 |— 15/— 16/— 4 23.56|—3 
6 32.525 77" 110.9377 jt 17) — .1 0 40 27 16.50/\4+ 9 5.87 |+1.26-— 2)+20 23.31|/—é 
4 19.9560 /22.0303 |+ 12)— .7 |—1.0 |40 37 16.03;\— 52.483 |— 3/— 24/— 2 23.31|—4 
8 28.1420 |12.2663 |+ 18) +1.9 |-+1.4 |40 48 4.95|\— 6 41.07 |— 60/4 48)—12 23.64;—4|39.6 
9 9.9783 |30.2850%" 0} — .7 | — .38 |40 27 49.17/+ 8 32.96 |11.18I— 16/4-16 23.31/—4/39.4 
10 18.0268 |24.4827 |+ 49) +1.2 | +1.6 |40 33 41.01/+ 2 41.96 |4 38/4 40/4 5 23.75|—4|39.3 
Nov. 12 9.7970 [81.7720 |-+100| +2.5 |-+ .8 |40 27 6.42/4 9 15.35 |41.01/4+ 50/418 23.46|—4 39.6 
10 |IX 1! R |90.2873 [21.7633 |+ 9/4 .9/+41.0/40 87 O.36— 37.31/44 4 es\—1 93.89|-1-7/41.1 
2| 21.3657 (20.4148 |+ 5)/— .5|— .6 40 36 47.05\— 2404/4 6\— 16/— 1 22.90|+7 
3 29.7847 {18.2350 |+142)— .4 | — .8 |40 29 24.67/4+ 6 57.15 |4+ TW#— 10/413 22.62/+-8)40.4 
4 19.2867 |24.2450 j|-+ 51;/+ .2|— .8 /40 88 29.74, 2 6.64|— 11]/— e&|—4 22.87/17 
ay 29.3290%* |12.3077% |— 14/— .7|+ .1 40 29 12.05|4 7 9.94 |41.03;— 10/+12 23.04|-+ 8) 40.2 
6 10.0650% 29.5163¥ | 0} +1.0 |-+ .9 |40 28 10.68/+ 8 11.35 |11.13/4 28/4138 23.57/-+8)39.9 
7 26.7797 |11.69474 |4+. 24) — .7 | — .3 [40 80 1.22/4 6 21.11 j|4+ 94;— 16/411 23.22)-+1-8/40.2 
8 13.0707 |28.9480 |+ 92)— .8|— .9 |40 43 5.74\— 6 41.30 |— 60|— 24/—12 23.48|-+8/40.3 
9 21.9727 |18.8240 |+ 9)/— .9|— .8 /40 387 43.21, 119.56 |— 1\|— 25/— 3 23.36|--7 
III 1) D |16.2083 (25.2477 |+ 39 0 |= .2: 140 40 11.92|— 3 48.44 |= 930) = Bly 23,07) --8/39.8 
2 4.17704 |32.0303'” |— 88) 41.0 |— .1 |40 24 38.48/4-11 43.37 |41.50/4+ 14/421 23.70|/-7 
3} 24.8840 |13.0347 |— 74|+1.4 | +1.4 |40 41 21.98\— 4 59.13 |— 48/4 40/— 22.68|-7 
4 26.6940 14.2547 |+ 35)+ .5)+ .5 [40 41 38.41/— 5 14.31 |— 47/4 14/— 9 23.68)--7/39.3 
5 17.5453 |22.2320 |— 5|—1.7 |— .5 /40 88 22.04\— 1 58.37 |— 13/— 34|\— 4 23.16/+6 
6 25.3390 {10.5733 |—180}| — .8 |— .6 |40 42 36.80/— 6 12.53 |— 50\— 21/—14 23.42) +5 
i 18.8637 |24.9940 |+ 66)— .5 |— .6 |40 89 11.41\— 2 47.66 |— 22|— 16/— 5 23.32/16 
8 25.1940 113.8773 |— 31]/— .6 |— .5 |40 41 10.05\— 4 45.79 |—  40\— + 14/—10 23.62|+5/38,4 
9} 115.0677 |25.9187 |+ 32)+1.2}+ .5 40 31 48.49/4+ 4 8418/4 56/4. 26/410 23.59/15 
10 9.82734 30.6663 |+ 2/+ .4|+ .5 |40 27 35.89|+ 8 46.41 |4+1.19/+ 18/115 23.77|4-5|39.3 
(VI 1) D /16.8847 |24.9587 |-+ 33) — .6 | —1.9 |40 32 45.56/-+ 8 37.94 |+ 44/— 34/4 7 23.67\—2/33.8 
2| (94.3473 |17.3443 [4+ 36/+ .1/+ .1 [40 88 25.98/14 2 56.99 |4 36+ 3/4 5 23. 41|—3/33.9 
3 28.5283 [12.6747 |+ 54)/—1.7|+ .4 |40 48 5.54/— 6 40.62 |— 60/— 22/—12 23.98|—3/33.4 
4 23.6323 |17.0387 j/+ 14)— .4|— .4 |40 33 386.73)+ 2 46.60 |4+ 34/— 12/4 5 23.60|—3 
5 22.4587 [17.3080 |— 4)/+1.4}-+ .1 |40 38 33.57)\— 2 10.23 |— 15/+ 24/— 23.39|—3 
6 8.41774 |30.0400% |— 8] —1.3 | 2.7 |40 27 16.26/4+ 9 6.19 |+1.26/— 56/+20 23.33|—« 
i 20.8230 {18.7590 0; —1.0 | — .9 40 87 15.77,— 52.14/— 3/— 28/— 2 23.30/—4/33.9 
8) + |11.8123 |27.6540 |— 23) —1.0 | —2.3 |40 48 4.62\— 6 40.13 |— 60|\— 48/—12 23.29|—4 
9 29.7663" | 9.46274 0} + .3 | +2.0 |40 27 48.78/4- 8 32.90 |41.18)/4+ 31/416 23.33|—4 
5 ky 23.1950 {16.7707 0) + .38|-+1.4 |40 33 40.54/+ 2 42.29 |4 33/4 23/4 5 23.44|—4/33.3 
11 18.1783 26.3607 |— 19)+ .1 |— .4 |40 30 49.96)/+ 5 33.09 |4+ 63/— 4/10 23.74, —4 
Novy. 12 29.4857 | 7.4403 |—204/— .8/+ .3 40 27 5.85/+ 9 16.88 /-1.02/— 1/18 23.42|—4/33.6 
11 jIT 1) D |21.0993 |19.6113 0) +1.9 | +1.1 |40 87 0.40\— 37.59 |4+ %%4 45)—1 23.32|--7/41.0 
2 19.4693 |20.4147 0;}— .9 0 40 36 47.10\— 23.88 |/+ 6|— 14/— 1 23.13/+-7/41.2 
3 11.6753 {28.2217 5| — .7 | —1.0 |40 29 24.78/4 6 57.95 |4+ 76|— 24/4138 23.33|-+-8]40.9 
4 22.2097 {17.2307 |— 9|/— .4|— .2 |40 88 29.81I— 2 7.01 /— 11\— 9/—4 22.56/4-7 
5! /11.1860H |28,1898|4+ 71+4+1.8)+ .4 40 29 12.18/+ 7 9.54 /41.03/+ 34/4412 23.16|18 
6 29.3940% | 9.9460% 0} — .2 | —1.1 |40 28 10.78/+ 8 11.27 |41.13;— 18/418 23.18)/+8'39.9 
7 13.9190% |28.9827" |— 41/+ .2|}-+ .8 |40 80 1.82/+ 6 20.41 |+ 94/4+- 14)+-11 22.92/18 
8 28.0830 |12.1927 |+ 13)—1.4|— .7 |40 43 5.86/— 6 41.48 |— G6i1/— 32/—12 23.38/18 
9 18.9028 |22.0800 |4+ 9/+ .3 0 |40 87 43.84\— 1 20.29— 2/4 5\—8 23.05|+7 
IIT 1] R |24.3340 |15.2898 |— 10 + .1)+1.0 |40 40 12.05\— 3 48.45 |— 82/4 14|— 7 23.35|-+-8/39.8 
2 33.0443 | 5.221'7% |— 49/4 .4/-+ .4 |40 24 88.62/111 42.71 -+1.50/4+ 12/421 23.16 4-7 


OBSERVATIONS WITH THE ZENITH TELESCOPE. aya 


Levels Corrections 
1893 | Pair | P Micrometer Ce |e ole enh Daa 8’) I Latitude A | Ther, 
A B Micrometer C) l r 
Nov. 3 Ou (if ” Ome M1 
11 {II 38) R j18.6173 |25.4563 |— 32) -+3.0 3.2 |40 41 22.07/,— 4 58.98 |— 43/4 90\— 9/40 36 23.47 +7 
4 14.2393 |26.6963 |-+ 34)+1.4 | +1.9 |40 41 88.57;\— 5 14.76 |— 47/4 47/— 9 23.72|-7/89.2 
5 23.2958 |18.6150 i+ 27;/— .8 0 140 88 22.21\— 1 58.29 |— 138)— 13/— 4 23.62|--6 
6 12.8933 |27.6773 |+ 25|+ .7|-+ .4 |40 42 36.96/— 6 18.51 |— 50/4+ 16/—14 22.97/-+-5/38.8 
i 23.8167 (17.1840 |+ 20) — .4 0 [40 39 11.59/— 2 47.60 |— 22|— 6/— 5 23.66|-+-6/38.8 
8 14.7857 /26.0963 |+ 3 1.0 1.0 |40 41 10.23;— 4 45.79 |— 40/+ 29/—10 24,93/--5/88.4 
9 27.0773 |16.2683 |+107| -+ .4 | +2.5 |40 81 48.66) 4 33.31 |+ 56/4 39)/-+10 23.02)--5 a 
10 80.3027" | 9.4727 0| —1.2 | — .5 |40 27 36.08/+ 8 46.18 |41.19|,— 26/415 23.34/ +-0/38.4 
VI 1| R 28.6223 (15.0163 |— 84/4 .5|-+ .5 /40 82 45.59\/+ 8 37.32 |4 44/+ 144+ 7 93.56/—2/35.1 
2 16.7153 |23.7187 9 1.4) +1.7 |40 83 26.00)+ 2 56.94 |+ 36/4 44/+ 5 23.79|—3 
3 13.2563 |29.1173 |+109) —2.1|— .5 /40 43 5.56/— 6 40.95 |— 60/— 40/—12 23.49|—3 
4 18.2550 |24.8877 |+ 60)+ .4]-+41.0 |40 33 86.72)+ 2 46.44 /4 34)+ 20/4 5 23.'75|— 335.4 
5 16.9640 |22.1180 |— 14 0 0 40 38 33.35/— 2 10.04 |— 15 Oj — 4 23.12/—3 
6 31.6453¥¥ |10.0510% |+ 8) + .9 | +2.2 |40 27 16.23/+ 9 5.53 |-1.26)/+ 43/420 23.65|—3 
7 19.2590 /21.3810 |-- 5 0} +1.1 |40 87 15.738;— 52.385 |— 38/4+ I14\— 2 23.47/—4 
8 29.6193 /18.8003 |+159) + .7 | — .2 |40 43 4.56/— 6 40.01 |— 60/+ 9/—12 23.92|—4/34.7 
9 10.8737 |81.2003'” 0 0 | — .4 |40 27 48,70/+ 8 33.48 |41.18|— 5|-+16 23.47|—4|34.7 
10 18.1947 |24.5880 |+ 53) +2.4 | +3.1 |40 33 40.44/-+ 2 41.64 /+ 38/+ 79\+ 5 23,25|—4/34.3 
11 27.8423 |14.2000 |+ 59)/+ .7|-+ .4/40 30 49.80)+ 5 32.14 |+ 63/+ 20/410 22.8'7|—4 
12 11.0287 (38.0877 |+264)— .9|— .9 |40 27 5.72/+ 9 16.77 |11.02;— 26)/+18 23.48|—4/34.0 
Novy. 
15 |IL 1] R /20.2487 (21.7023 |+ 8}—1.0|— .8 /40 37 0.39,— 36.74/+ 7J— 20\— 1 23.51|--7 
2 21.8837 (20.9147 |+ 7|—2.9 | —2.7 |40 86 47.12;,— 23.28 |+ 6 82/— 1 23.12]4-7)36.6 
3 29.4233 (12.9288 /+114;+ .7 0/40 29 24.80|/+ 6 56.98 |+ ‘77+ 12)/+138 22.80}-+-8|36.2 
4 19.5950 (24.6043 |-- 61|— .7|— .3 |40 88 29.95,— 2 6.70 |— 11 16|— 4 22.94|+-7 
5 29.0527%¥ |12,.0497% |— 10/ — .4 | — .5 140 29 12.28/+ 7 9.50 |+1.03/— 13/+12 22.80|-+8 
6 10.9813 |30.4260%" 0) + .3 0 140 28 11.08)-+ 8 11.20 |41.13)+ 5/413 93.54|-+8)/35.2 
qi 27.9723 |12.9828 |+ 40/4 .4/+ .7 |40 80 1.61/-+ 6 20.04 /4 69 16)-+11 22.61)-+¢ 
8 13.8687 |29.2687 |+123}— .8|-++1.1 |40 43 6.19/— 6 41.84 |— 61/+ 2;—12 23.64|+-8)35.5 
9| R /22.8100 (19.6630 |-+ 23) —1.8 | — .2 |40 37 .43.71|;— 1 19.55 |— 1)— 382/— 3 23.80/-+-7 
III 1] D 115.9570 /25.0047 |+ 27) —1.7 | —1.7 |40 40 12.51/— 8 48.63 |— 382/— 50|— 7 22.99)/+8)35.1 
2 4.358741 132.1950" |— 80 0 | —1.6 |40 24 39.11/11 42.98 |41.50)— 21/+21 93.59|+8/34.9 
3 26.0907 |14.2400 |+ 12/-+ .2)-++ .3 |40 41 22.60/— 4 59.40 |— 43/+ T— 22.75|-+7 
4 27.1437 (14.6747 i+ 66|/+ .2|!— .6 [40 41 39.14/— 5 15.15 |— 47|\— 5I— 9 23.38] +-7/384.4 
5 17.9140 ~/22.6567 | — 8|/— .5|— .8 /40 88 22.81/— 1 59.79 |— 13\— 18\— 4 22.67|-+6 
6 96.5843 |11:7853 |— 71) -+1.4|-+ .2 |40 42 37.56/— 6 13.67 |— 50)/+ 25 —114 23.50|+-6/33.9 
me 17.1980 |23.8570 |-+ 20|—1.6 |— .4 |40 89 12.29\— 2 48.39 |— 22)— d3lj— 5 23.32|-+6/33.6 
8 24.7637 118.4140 |— 61]/— .4|/— .6 |40 41 10.93/— 4 46.56 |— 40)/— 14|—10 23.73)/-+5 
9 14.8247 25.1500 |— 17) —1.7 | —2.8 /40 31 49.35/+ 4 33.42 |+ 56\— 64 +10 22.179|+5/33.6 
if 1] D /13.2557 |21.8890 |—124/-+ .1 | —2.5 /40 82 45.89/+ 3 37.78 |+ 44/— 31\+ 7 23.87|—1/31.1 
2 24.2337 (17.2727 |+ 31/+ .9 | +2.2 |40 38 26.27/+ 2 55.93 |-+ 386/+ 43)-+ 5 23.04/—3 
3 27,6823 |11.8067 |— 23)—1.8 |— .6 |40 48 5.77\— 6 40.99 |— 60|\— 37|—12 23.69|—3/30.7 
4 24.1097 /1'7.5900 |+ 84) +1.1 | +1.5 |40 83 36.85|-++ 2 44,79 |+ 34/+ 87/4 5 22.40|—3 
5 22.4503 17.2890 |— 4 0 0 |40 38 33.43/— 2 10.88 |— 15 O|i— 4 22.86|—3/30.4 
6 7.'7110% 29.8110! |— 15) +1.7 )-+ .6 |40 27 16.25/-+ 9 5.63 |+1.26\+  386})-+20 23.70|—3 
7 21.3807 [19.2960 |+ 6/-+ .8/-+ .1 [40 37 15.72, 52.68/— 3/+ 6 2 23.05/—4 
8 12.8653 /28.7393 |+ 76|— .4|-+ .7 |40 43 4.50\— 6 41.20 |— 60/4 2/—12 22.60|—4/30.8 
9 29.4223%" | 9.11074 — .7|+ .7 140 27 48.55/+ 8 33.12 +1.18;— 2/-+16 22.99) —4/30.2 
10 23.4587 (17.0253 |+ 10)-+ .2|)-+ .1 40 33 40.23/+ 2 42.55 |4- 33/+ 4 5 23.20|—4 
11 13.0977 126.2907 |— 23) ~ .2|— .7 |40 80 49.55/-+ 5 33.23 |+ 63\— 12)-+10 23.89|—4 
VI12 29.5073 %4477 |—200) —2.2 | — .9 140 27 5.38/4 9 16.77 +1 .02)— 47/-+18 22.88|—4/29.9 
Noy. 
16 |II 1) D (20.2760 [18.8000 |— 8/+1.9|+1.0 40 87 0.85\— 37.28 /+ 7+ 44-1 23.517|-+'7134.1 
2 19.1177 |20.0883 |— 3|—1.0 0/40 86 47.09\— 24.388 \1+ 6/— 16)— 1 22.60|--7 
3} 11.3123 |27.8740 |— 41|— .4 | —2.3 |40 29 24.78/+ 6 58.28 |4 77/— 36) +13 23.60|+ 8133.9 
4 90.7003 115.6737 |— 54/—1.2 |— .4 [40 88 29.95|— 2 6.84)— 11/— 24/— 22.72|/+-7 
5 11.9890# 28.9993!” |— 9} + .5 |—1.1 [40 29 12.31/+ 7 9.69 |4+1.03)— 6)-+-12 23:09|-+-8 


THE SAYRE OBSERVATORY. 


Levels Corrections. 
1898 | Pair | P Micrometer C Vy (6 + 8’) Latitude A | Ther. 
A B Micrometer 6 r 
Nov. ; 3 Oe ul OR, eel 
16 {IL 6) D [30.8710 )11.4860% |— 3) — .1 | — .4 /40 28 11.04)-+ 8 10.95 |+1.138\— 6/418 |40 26 23.19|-+8/33.5 
7 12.0360% 27.1077 | 15) —1.5 | —1.5 |40 30 1.63/+ 6 20.77 |+ 94/— 44/111 23.01)-++8/33.0 
8 27.5957 |11.6507 |— 83)/+1.5 |+ .9 |40 48 6.23\— 6 42.71 |— G6i/+ 36/—12 |- 23.15|-+8 
9 18.4860 /21.6667 0} + .8|— .8 40 37 43.76/— 1 20.85 |— 2/+ 1/\— 8 23.37/+7 
IIT 1] R )24.8507 |15.7863 |-+ 19) + .8|— .1 |40 40 12.58|— 8 49.03 /— 32/+ 12/— 7 23.28/-+8/32.6 
2 33.6280" | 5.84004 |— 13) + .5 | +2.3 |40 24 39.19)4+11 41.94 |41.50/+ 388/421 23.22/-++8 
3 17.3353 (29.1167 |+223)— .4|— .8 |40 41 22.69\— 4 58.19 |— 43\— 17/— 9 23.81)/-++-7 
4 14.3197 |26.80380 |-+ 40)/-+ .7|-+ .4 |40 41 89.25,— 5 15.46/— 47/+ 16/— 9 23.39|+7/32.6 
5 23.5317 |18.7863 | 36/-+2.1 |} -+1.0 |40 88 22.92/— 1 59.97/— 18/4 47/— 4 23.25|-+7 
6 18.9967 |28.7708 |-+120} —1.0 | — .3 |40 42 37.68'— 6 18.51 |— 50/— 20/—14 28.33/-++6 
"| 24,0313 |17.38757 |-+ 29)/— .9|-— .9 |40 389 12.42;— 2 48.20 |— e2i— 26/— 5 23.69|-+-6 
8 15.1290 |26.4747 |+ 55|—1.5 | — .5 |40 41 11.07\— 4 46.76 |— 40\— 30/—10 23.51|-+-5)/32.9 
9 27.5143 {16.7120 |+134)-+ .5|)-+ .5 |40 31 49.49/4 4 33.22 |+ 56/+ 14/410 23.51/-+5 
Nov. 10 30.5040'" | 9.72204 0) — .1 0 |40 27 36.99/+ 8 45.00 |+1.18I— 2/415 23.30/-+-6 
26 jII 1) R j20.13888 (21.6300 |+ 8/+ .6)+ .5 40 37 0.15\— 37.70/+ 7+ 16/— 1 22.67/+6|29.4 
2 21.4650 |20.5213 |+ 5)—2.1|—1.2 |40 36 46.95) 23.85 |+ 6/— 50/\— 1 22.65/-+-7 
3 80.2170 {18.7820 /4-191/+4+1.2 | 41.7 40 29 24.71/+ 6 56.94 |+ 77+ 42/113 22.97|+-8)29.5 
4 18.7467 |28.7933 |-+ 38)-+ .8 1.2 |40 38 30.05\— 2 7.58/— 11/+ 28/— 4 22.60/+7 
4) 29.1880*¥ |12.2317% |— 12) 42.1 | +1.8 |40 29 12.44/4 7 8.383|/4 94/1 58/412 22.41/48 
6] {10.497 7% |29. 8963 0] +1.9 | +1.3 |40 28 11.81]-+ 8 10.06 |41.04/+ 48/113 23.02|-+8 
7| — |27.0953'" |12.0680% |4+ 14)+2.0]+ .8|40 30 1.99/+ 6 19.68/+ 85/4 42/211 23.03|+8]29.9 
8 12.3830 |28.8353 33) -+1.1|-+ .4 |40 43 6.70/— 6 48.08 |— 61/-+ 22/12 23.11/-++8 
9 22.6290 19.4420 |+ 19] —1.6 |— .4 |40 37 44.38I— 1 20.56/— 2i— 30/— 8 23.47|--7 
Tea 25.0043 |15.9093 |+ 24/+ .9}+ .6 |40 40 13.50\— 3 49.83 |— 33/+ 22/— 7 23.49|+-8)29.5 
2} |88.8847'" | 5.62634 |— 22/— .9|+ .6 40 24 39.99/411 41.19 |41.41/— 6/421 22.74/17 
3 14.7883 |26.6627 |+ 51/+1.6)-+ .4 |40 41 23.57\— 5 0.10/— 44/4 31/— 9 23.25|--7 
4 13.5208 [26.0710 |— 17) -+1.3 | +2.8 |40 41 40.25|— 5 17.02|— 47/4 51/— 9 23.18|+7 
5 22.8840 18.1107 |+ 14/— .9|+ .6 |40 88 24.01\— 2 0.58/— 13\— 6/— 4 28.20/-+7 
6 13.6870 }28.4903 |- 95|/— .6 | — .2 |40 42 88.78)— 6 14.21 |— 50/— 12/14 23.81/4+6/28.6 
7 23.5163 [16.7727 |+ 5)/+ .4/+ .7 |40 389 13.71\— 2 50.87|— 23/4 16\— 5 28.22|-+-7)\28.4 
8 14.8497 26.2543 [4 38]— .1|-+ .2 /40 41 12.37/\— 4 48.20|— 40/4+ 1/10 23.68/-+-6|28.0 
9} 25.8828 15.0717 |+ 30) +1.8 | +2.2 |40 31 50.78/+ 4 31.92 /4 56/4 58/410 23.94|-+5 
Nov. 10 29.5170" | 8.8073 0 0 | -+1.2 |40 27 38.40/4 8 43.18 |11.09/4 16/415 22.98)--6/28.0 
29 {IIT 2) D {19.1203 |20.0840 |— 3)/— .2/+41.4 140 36 46.78/— 24.34 + 6-+ jJ5|\—1 22.64|4-7/38.2 
Nov. 30 3] D |11.2000 |27.7497 |— 51} -+1.5 0 [40 29 24.39 6 57.91 |+ TWi+ 24/4138 23.44\-+-7/45.8 
4 22.0543 _ 17.0047 |— 16/4 .5|+ .1 /40 38 29.91, 2 7.51j/— 11/4 10/— 4 22.35/-+7 
5} {12.0407 }29.0407% |— 11] 41.7 | 41.8 |40 29 12.30/+ 7 9.39|4+ g4|4+ a4lt19 23.09|-+8 
6 30.2460%" | 10.8160% 0} — .2|— .2 40 28 11.24/4+ 8 10.80/+ 94,— 6/418 23.05|+-8/45:3 
7 18.2247" |28.2827!" |— 24| — .6 | — .6 [40 80 1.97/+ 6 20.30 |+ ‘74/— 18 +11 22.94|-+-8]45.4 
8 28.4690 12.5448 |+ 46)—1.4]-+ .2 |40 48 6.74\— 6 42.37|— 61I— 20/—12 23.44|-+-8/45.2 
g) 18.5067 |21.7417 _ O|+ .9 | +1.3 /40 37 44.50/\— 1 21.72 /— Qi4 32/— 3 23.05|+-7/44.6 
NG Gat 16.1993 [25.2800 |+ 389/—1.1 |—1.4 |40 40 13.46|— 3 49.47/— 33\— 36/-— 7 23.23/+-8 
2 4.96774 |32.7470% |— 52] + .8 | +1.4 |40 24 40.19/4+11 41.58 +1.31/+ 238/421 23.52|-+7 
3 20.8773 118.9880 |— 5 0}-+1.1 40 41 23.82;— 5 0.48 44\+ 14/— 9 23.00|-++7 
4 26.4704 /138.9457 |+ 17/4 .4]— .6 |40 41 40.56 5 16.41/— 47i— 2/9 23.57/-++7 
5 18.3097 |23.1820 |+ 20) +2.2 | +2.2 |40 38 24.38I 2 1.86/— 18 + 64);— 4 22.99|--'7)43.6 
6 26.8553 {12.0018 |— 50/-+ .8|-+ .1 /40 42 39.19I— 6 15.08 |— 50 + 14\—14 28.61/-+6 
fe 17.0247 |23.7637 |+ 16] —1.9 | 1.9 |40 39 14.18/— 2 50.27/— 23\— 55\— 5 23.08|+-7/42.3 
8 26.2690 |14.8850 |+ 38 + .1 0 40 41 12.88\— 4 48.92/— 41/4 2/10 23.47\-+-6 
9 14.6480 |25.3867 0) — .8 | —2.1 |40 31 51.30/4 4 31.26 /+ 56/— 40/410 22.82/-+6 
Dec. 10 10.3670% |31.0923'"|+ 3] —1.4 | — .9 |40 27 38.97/4+ 8 43.52 + 99\— 84)/+15 23.29/+6)42.3 
4 |II 2} R j21.8137 |20.9167 + %— .7|— .7 |40 36 46.84,— 22.68 /+ 6/— 20/\— 23.51|-++6/28.0 
3 28.1427 111.5927 |— 13] — .2 | —2.0 |40 29 24.14\+ 6 58.08 |+ 85/— 29/413 22.91/+-7)/27.4 
4 17.9337 22.9607 |+ 14;/—1.5 |+ .7 /40 88 29.64\— 2 7.04/— 14/— 15|— 22.27/47 
5 28.7897" |11.79634 |— 7) 4.1.0 | +.2.0 140 29 12.02/+ 7 9.29 |4. 92/4 42/112 22.77/48) 27.4 
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Levels Corrections 
1893 || Pair |) P Micrometer C (6 + 8’) Latitude A | Ther. 
A B Micrometer § i r 
Dee ‘ f OAs 1/ (o) ‘1 
4 {II 6] R j10.5067# |29.9317" 0) +2.3 | +2.7 |40 28 11.06|+ 8 10.74 |4-1.08)4+ 72/+-13 |40 86 23.68/-+-8 
7 27.6140" |12.5617% |-— 8) ++ 6/4 .9 40 30 1.78)+ 6 20.26 |+ 82/4 21/411 23.18/-++8 
8 12.7937 /28.'7493 |-- 72} +1.6 |+1.7 |40 48 6.61)/— 6 43.28 |— 68\/+ 48|—12 23.01|/+-7)/26.8 
9 23.9800 (20.7893 |-| 44) — .6 .1 |40 87 44.45/— 1 20.72 /— 3) 8\—3 23.59|/+-7 
je al 24.0407 [14.9240 |— 29) +1.4|-+ .6 |40 40 13.43\— 3 50.24 |— 37/+ 380/— 7 23.05)-+8) 26.3 
2 32.9033'" | 5.14372 |— 46] — .8|-+ .9 |40 24 40.20/411 41.18 |+1.44,— 2/421 23.01|+7 
3 14.6787 |26.5587 |+ 46/+1.9 |+1.3 |40 41 23.87, 5 0.24|— 49/+ 48/— 9 23.53|-+7 
4 15.1763 (27.7290 |+109| 11.2 | +1.4 |40 41 40.66/— 5 17.39 |— 53/+ 38\— 9 23.03|+-7/25.8 
5 23.8393 |19.0463 |+ 41)— .2|-++ .6 /40 38 24.54, 2 119|/— 16+ 5\— 4 23.20|-+-7/25.4 
6 14.2107 29.0783 |+141]-+2.1 |-+1.0 |40 42 39.37\— 6 15.83 |— 56/4 47\—14 23.31/+6 
ti 24.5690 |17.8160 |4+ 47/+1.4)4 .4 |40 89 14.45|— 2 50.72 |— 26/4 28/— 5 23.'70|-+7/25.2 
8 15.4877 (26.9547 | 83) 41.8 |+1.8 |40 41 13.16/— 4 49.90 |— 46/4 52/—10 23.22/-++6 
9 26.4740 |15.78387 |-+ '74)-+1.7 |-+11.5 |40 81 51.58/+ 4 30.26 |+ 60/4 47\--10 23.01/-+6 
10 30.9723" |10.2640% 0) —2.3 | 1.6 |40 27 39.28/+ 8 48.16 |-+1.09|— 58/+-15 23.10|-.6/24.1 
V '%) R 18.8798 128.9273 |+122) 4+ .5 |-+1.5 |40 42 48.74 6 20.49 |— 63)+ 28)—13 22.77| 0/20.2 
8 19.4873 [23.8060 |+ 41] +1.1 | +2.0 |40 34 82.16/+ 1 50.48 |+ 29/4 44/4 4 23.41/—1 
9 14.0233 |28.0180 |-+ 84/—1.4 |— .5 |40 42 17.58|— 5 53.77 |— 60\— 29)—10 22.82/—1 
10 23.8967 |20.6393 |+ 438/-+ .4|-+ .6 |40 37 46.05)— 1 22.41/— 9/4 14) 3 23.66|—1/20.4 
Dec. {VI 2| [17.6537 |24.5680 |-+ 45|-+4.8 | +3.7 |40 88 27.36/+ 2 54.67 |+ 39)41.26/+ 5 23.73|—2 
5 |V 7% D |24.3097 | 9.2417 |—288]— .7 | —Ic0 |40 42 48.80|\— 6 19.95 |— 63/— 24|/—13 22.85|  0/22.2 
8 21.8680 |1'7.4967 |— 10] —1.8 | —1.1 |40 34 32.21/+ 1 50.41 |+ 29/— 44/4 4 22.51) 0 
9 27.2360 |18.2353 |-+ 20|— .2 | —2.2 |40 42 17.63/— 5 53.76 |— 60i— 382 —10 22.85|—1/22.5 
10 17.6740 |20.9463 |— 14)/— .2|— .6 |40 37 46.10/— 1 22.63/— 8i— 11\/— 3 23.25|—1 
Viet 15.3730 (23.9288 |— 18] —1.1 | —1.6 |40 32 47.10/+ 3 36.10|+ 47/— 388 + 4% 23.36|—1 21.4 
21 192.1087 115.1550 |— 56|-+ .5 | + .2 140 83 27.85/-+ 2 55.54 |+ 39/4 10/4 5 98.48|—2 
3 28.5230 /12.6050 |-+ 51) +1.2 | —1.2 |40 48 6.68)— 6 42.28 |— 68/— 35 —12 PA OF) ee 
4 23.2650 |16.'7000 0| —1.9 | —1.4 [40 33 87.88]+ 2 45.86 |+ 37)— 48/+ 5 23.18]—2/21.4 
5 91.9487 116.8077 |— 22] — .5 | —-2.1 /40 38 33.80/— 2 9.82|— 17/— 36|— 4 23.41|—3 
Dec. 6 8.59672 (30.1937 |— 5)4+-.4)+ .3 |40 27 16.36)/+ 9 5.61 +1.17/-+ 10/420 23.44|—3/20.9 
6 |IL 2} D |18.2257 (19.1483 |— 7 0|— .4/40 36 46.22, 23.29|+ 6|— 5/— 1 22.93)-+-6/27.0 
3 10.4123 |26.9753 |—129|+ .7 |+1.0 [40 29 24.01/+ 6 58.11 /+ 83) 24 +13 23.34/--7 
4) 192.7350 |17.7217 |-+ 5|—1.1 |—1.0 |40 38 29.55, 2 6.67|— 14/— 30/— 4 22.40|+-7 
6 30.2470 |10.'7 717% 0} —2.3 | 2.9 |40 28 10.95/+ 8 12.01 |4+1.03)— 74/418 23.38|-+-8]25.9 
7 13.22104 |28.2960% |— 24/4 .1|+1.5 [40 80 1.72/+ 6 20.79 |+ 82/+ 21 +11 23.65|-++8 
8 27.8197 {11.9000 |— 14/— .4|— .8 |40 48 6.59\— 6 42.15 |— 68/— 10|—12 23.54)--7125.5 
1H Gea! 16.4817 125.5653 |-+ 55|—1.1|—1.0 [40 40 13.45|\— 8 49.62 |— 37/— 30|— 7 23.09|+8 
2 4.87774 |32 6633" |— 57) — .8 0 [40 24 40.23/4-11 41.81 |+1.44/— 13/421 23.56|+-7 
3 25.6767 |18.7683 |— 20) +1.5 | +2.0 [40 41 23.92;— 5 0.79 |— 49\ 50\— 9 23.05|-7 
4 96.0023 [13.4517 |— 20) +1.8 | +1.5 |40 41 40.74\— 5 17.02 |— 53/4 48)— 9 23.58|-+-7/25.5 
5 17.2100 |22.0448 |— 13] —1.1 | 1.3 |40 38 24.64, 2 1.84/— 15|\— 34)/— 4 22.77|-+-7 
6 26.1880 111.3410 |—107/— .2 | — .7./40 42 39.49\— 6 14.81 |— 57|\— 12)/—14 23.85|-+6 
q 17.0940 |23.8753 |+ 21/4 .4|— .5 /40 39 14.55\— 2 51.38 |— 26 0j— 5 22.86|-+7 
8 26.1163 |14.6597 |-+ 26/— .4|-+ .4 |40 41 18.30/\— 4 49.50 |— 46|— 2/10 23,.22|+6)/23.9 
9 14.1570 (24.8890 |— 31} —1.2 | 1.5 /40 31 51.73/4+ 4 31.05|+ 61/— 39)/+10 23.10|-++6 
10 10.7787 31.4697" |+ 4|/— .9 |— .9 |40 27 39.45/+ 8 42.74 |41.09|\— 26 +15 23.17|+-6) 23.6 
Dec. 
% {III 1} R |24.5087 15.4148 0) + .1|/— .1 [40 40 13.46\— 3 49.63 |— 37 Oj— 7 23.39/+8/30.3 
2| 133.7700!" | 6.0390% |— 8] -+2.8 | +1.2 |40 24 40.26/+11 40.55 |+1.44/4+ 60/421 23.06|-+-7/30.4 
3 13.4237 [25.3037 |— 47/—1.0 | — .2 |40 41 23.96 5 0.00|\— 49|\— 18|\— 9 23.20|-+-7/30.4 
4 14.0387 |26.5890 |-+ 25)— .7|— .2 |40 41 40.79|\— 5 17.12 |— 53\— 14/— 9 22.91|/+-7| - 
5 28,5087 |18.7177 |+ 32) — .3 0/40 38 24.70,— 2 2i1|-- 15)— 5/— 4 23.35|17 
6 14.2770 |29.0987 |+147|— .5 |— .5 |40 42 39.56\— 6 14.80 |— 57\— 14|-14 23.91|++-6/29.6 
a 23.9390 |17.1823 |-- 21/—1.3 |— .4 |40 39 14.64/— 2 50.75 |— 26/—  26/— 5 23.32|--7 
8 15.6683 |27.0867 |-+ 95|— .5 |— .3 |40 41 13.40|— 4 48.70 |— 46/— 12)—10 24.02/+-6 
9 27.0713 |16.3660 |+109)— .4|— .1 |40 81 51.82/-- 4 30.72 |+ 61/— 8/410 23.17|/+6 
10 31.0177" |10.3567% 0) — .3 | +1.2 |40 27 39.55!4+ 8 41.95 +1.08|-- 10/415 22.83|+-6 
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Levels * Corrections 
1893 | Pair | P Micrometer Col sia ol ees) Latitude A | Ther 
A. WW RB Micrometer 6 l r 
Dec. Oe 1 Oe th ue 
7 IV 7 R 114.5463 (29.5827 |-+1'79| —2.1 | —1.6 |40 42 43.94|— 6 19.06 |— 63/— 55/—13/40 36 28.57| 0 
8} |1'7.'7953 |22.1997 0| —1.8 | —2.4 |40 84 82.33/+ 1 51.27/+ 29,— 60/+ 4 23.33) 0 
9| |18.4883 [27.4533 |4+ 40|—2.8 | —2.6 |40 42 17.77|— 5 53.04 |— 60\— 79/—10 23,24/;—1 
10) 22.4108 {19.1627 |+ 15}— .8 | —1.4 |40 87 46.20|\— 1 22.08 |—_ 8|—- 31|-- 8 23.70/—1 
VI 1} = [25.8350 |16.7887 |+ 53) —1.8 | — .6 |40 32 47.194 3 86.18 |4 47/— 37/4 7 23,04 —1)2% 
2) 17.1067 |24.0593 |+ 23)—1.2 |—1.4 40 88 27.44\4 2 55.71 [4 39/-— Bait 5 23.21/—2 
3} {18.1127 |29.0020 |4+ 96/— .1|—1.6 |40 43 6.74|\— 6 41.67 |—  68|— 22/12 24.03) —2 
4 17.9750 |24.5657 |-+ 62) —1.3 | 1.2 |40 83 87.41|+ 2 4664\/4+ a7/— 36/4 5 24,11)—2 
Dec. 5) (17.8123 [22.4897 |— 4) 0|-+ .6 /40 38 33.81/— 2 10.79|— 17/4 8|— 4 22.89 —3 
10 {III 1).D |16.1077 ‘125.2177 |+- 36|-+ .4 /-+1.8 |40 40 13.53\— $ 50.23 |/— 37/4 —30\— 7 23.16)--7 
2 5.0630 |32.8340' |— 50| — .4|— .1 |40 24 40.36/+11 41.42 |41.44/— 8/21 23.35 4-7 
3} |26.8923 /15.0003 |+ 67/+ .2|+ 4/40 41 24.09|— 5 O58/— 49/+ 8i—9 23.01|+-7 
4| |26.6580 |14.0977 |+ 28/— .6 |—2.0 /40 41 40.95|I— 5 17.24/— 53\— 36/— 9 22.73 +7 
5] 17.4687 122.9803 |= 4) 4-" 5 1 = 18 140.88 2400/9 Gove 16d a 22.87/--7 
6; /27.5808 {12.7118 |-+ 12/+ .1}/+ .2 |40 42 39.89|\— 6 15.65 |— 57+ 4/14 23.50 /--6 
| 17.7543 |24.54138 |+ 48/— .2]— .4 |40 89 1493/— 2 51.57 /— 26— si— 5 22.97 4-7 
8} 25.5970 |14.1230 |\— 9) + .8|— .5 /40 41 13.72|— 4 49.88 |— 46\—  2/—10 23.31/+-6 
9} 18.0147 28.7348 |—103/+ .1 0 40 81 52.16/+ 4 30.53 /+ 60 0/+10 23.39) --6 
10 9.89534 |30.5 7501 0| + .2|— .8 /40 27 89.90/+ 8 42.40 |41.08\— 1/415 23.52|+-6 
V7 D (26.7518 |11.6917 |— 68) 0j)-+ .4|40 42 44.27\— 6 20.27/— 63/4 5/13 23.29) Off 
8; 23.0380 |18.6803 |+ 23) —1.0 | — .8 |40 34 32.63/+ 1 50.14 |+ 28\— 20/4 4 22.89, 0 
9} 28.8228 |14.8107 |+108)/+ .4/-+ .7 |40 42 18.09|\— 5 54.24 |— 60/4 16/10 23.31) 0 
10 17.7753 |21.0773 |— 14/+ .6|-+ .3 |40 87 46.49/,— 1 23.38/— 9/4 12/— 8 23.11/—1 
/VI 1} {16.2238 247858 |+ 24/+1.2}-+ .8 |40 82 47.45/+ 3 35.09 /4 47/4 80/4 7 23.38/—1 
2} 22.4947 |15.5277 |— 41) —2.2 | —2.8 /40 33 27.68/+ 255.90 |+ 39\— 66/+ 5 23.36 —1 
3} |29.0163 |13.0990 |+ 97/— .2|+1.8 |40 48 6.96/— 6 42.35 |— 68i+ 14/12 23.95|—2 
4, [22.9367 |16.4053 |— 15) — .5 | — .9 |40 83 87.58/+ 2 44.96 |+ 37/— 20/4 5 22.76) —2 
5] = |21.8650 116.6947 |— 22) — .5 | —1.0 /40 88 38.94\— 2 10.55 |— 17\— 2i1\— 4 22.97|—2 
Dec. 6 8.4937" |30.0853" |— 7+ .8}+ .5 40 27 16.43/49 5.44|41.17/+ 20/420 23.44/—2)31, 
12 |IIT 1) R |24.8617 [15.2880 |— 11/+ .9 | +1.9 /40 40 13.50\— 3 50.45 |— 37+ 39\— 7 23.00 +-7)é 
2} = |838.9078!"| 6.17204 0} — .6 | — .2 |40 24 40.86)411 40.64 |4+1.44/— 12/421 22.53)/-+7 
3} 12.2327 (24.1467 |—126)— .1/+4 .4 140 41 2411/5 0.65|— 49/4 4|- 9 22.92)--7 
4| 14.7798 |27.8823 |4- 81/4 .4 0 |40 41 41.01 — 5 18.57 |— 53/4 6/— 9 21.88) +-7 
5} = 28.8980 [19.0797 |+ 42/+ .8/— .6 /40 38 25.02\— 3 1.88/— 16. 38\— 4 22.97) +7 
6} [13.9507 [28.8090 |+122/+ .5|+ .1 /40 42 39.95|— 6 15.65 |—- 57/+ 10/14 23.69 +6 
7 128.2857 (16.4833 |— 4)/— .1]+ .2 /40 39 15.08I— 2 51.88/— 264+ 11-5 22.95 --7 
8/ 16.8140 {27.7880 /+138)— .2|— .8 |40 41 13.90— 4 50.20|— 46\— 7—10 23.07|-+-6 
9} = |26.71638 |16.0470 |+ 89|— .2/— .6 /40 81 52.35/+ 4 29.75 |+ 60/— 11/+10 22.69)--6 
Dee. 10} |30.5400%" | 9.894711 0| — .2 |— .6 /40 27 40.09/+ 8 41.53 |4+1.08\— 11/415 22.74 +-6 
13 1) D /15.6900 [24.7970 |+ 14)+ .7|-+ .4 /40 40 18.47\— 3 50.18 /— 3714+ 16|— 7 23.06/-++7 
2 38.8957" |31.6513'7 |—101) +1.3 | +1.9 |40 24 40.82/+11 40.98 |4+1.44/+ 46/421 23.41/-++7 
3} (26.2090 14.2867 |+ 16) +1.8 | 1.8 |40 41 24.09, 5 1.25 |— a4gl4+ 44/— 9 22.70 +7 
4, |26.8303 {14.2760 |+ 39) + .6|— .1 [40 41 41.01/— 5 17.29|— 53+ si— 9 23.18 +7 
5) 17.9208 (22.7453 |+ 11/-+ .6|+1.0 |40 38 25.05\— 2 1.93|— 16/4 e22\— 4 23.14 +7 
6) (26.1287 |11.2087 |—118) +1.3 | 41.9 |40 42 39.99\— 6 16.66 |— 57|+ 46\—14 23.08 +6 
7 (17.8160 |24.6123 |4+ 48)-+ .8 | +1.3 [40 39 15.12/— 2 51.88/— 264+ e2i— 5 23.20/-+7 
8} (26.5167 |15.0230 |-+ 52) +1.9 | +2.1 |40 41 13.96/— 4 50.52|— 46/4 58/—10 23.46|-+6 
9} 14.1590 (24.8548 |— 31/4 .8|— .2 |40 81 52.49/+ 4 30.14/+ 60/+ 10/410 23.36/+6 
10 8.91803 |29.573°7i7 0} + .5|}— .4 /40 27 40.18/+ 8 41.99 |41.08/+ 3/415 23.43|/-++6 
V7) R 12.7557 27.7977 |4+ 23) 412.2 |— .4 |40 42 44.68\— 6 20.09 |—  63l-+ 30/13 24.13] 0 
8} 18.1977 [22.5728 |4+ 12] 2.1 |—1.6 |40 84 38.03/+ 1 50.55 |+ e29|— 55/4 4 23.36] 0 
9} 18.7100 [27.6977 |4+ 57/—4.0 | 2.4 |40 42 18.51I— 5 53.54|— 60/— 96/—10 23.81] 0 
10} 22.5110 /19.2193 |+ 16/+1.0 |— .2 /40 87 46.88|— 1 23.21/— 9+ 14\— 3 23.69/—1 
VI 1) 25.7257 |17.2580 |+ 74|— .6|— .4 1/40 82 47.92/4 3 34.19 /4 a7i— 14/4 7 22.34|—1 
2} {16.8790 [28.8333 |-+ 15] —2.0 |— .9 40 83 28,05/+ 2 55.74 |4+ 39|— 44/4 5 23.'79|—1 
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E Levels 
1893 | Pair Micrometer C % (6 + 8) Latitude Ther. 
A Micrometer 
Dec. er Of 11 yey, I 
13 III 4| D/17.9490 [24.5583 |+ 49] 1.8 | —1.2 /40 33 37.87/+ 2 47.10 — 40 36 24.95|—2|17.0 
5| —|1'7.8163'" |22.5140%" |—310) +. .2|-+ .1 /40 38 34.21/— 2 1054 a 23.50|— 
Dec. 6} — |82.8253%" |10.72304 |-+ 14| 1.1 |— .6 40 27 16.65/+ 9 5.81 — 23.57\—2116.6 
17 {IIT 1) R (24.1188. |15.0488 |— 23) — .3 | —2.4 |40 40 18.19|— 3 49.05 — 23.34/17 
Dec, 20\1II 1| R [28.7708 |14.6727 |— 42|/+1.4|-+ .1 |40 40 13.09|\— 3 49.73 + 23,16/+7|28.0 
2| —|38.6097'" | 5.8403" |— 12) + .7 | 11.4 |40 24 40.01)-+11 41.51 + 23.47 
8} |14.8150 |26.6960 |-+ 53] +1.1/-+ .6 |40 41 23.86\— 5 0.28 + 23.26|- 
4| |14.2567 |26.7870 |-+ 38!— .3/— .6 |40 41 40.86/— 5 16.65 = 23,46|+-'7|27.4 
5} |23.5090 |18.6880 |-+ 32/— .8|—1.2 |40 88 25.02i— 2 1.88 _ 22.66/+-6)27.3 
6} |14.2557 29.1218 |4+145|— .2|— .3 |40 42 40.07/— 6 15.92 _ 23.37/16 
7 (28.8470 16.5783 |\— 2}/—1.0|}— .5 |40 89 15.24/— 2 51.11 — 23.60/- 
8} {14.8080 |26.2570 |+ 85} —1.1|—1.1 /40 41 14.19/— 4 49.33 — 23.98|-1-6/27.1 
9} _|26.9393 |16.2470 |+100)—1.8 | — .9 |40 31 52.68/-+ 4 30.38 — 23.36)- 
10| 81,1087" |10.4560% |+ 3) —2.6 | —1.4 |40 27 40.47/+ 8 41.63 |+1.08/— 22.73)+-6/26.4 
V 7 D (26.8858 |11.'7288 |— 63) +2.11-+ .1 [40 42 45.30/— 6 21.49 + 23.41|-+1-1/26.2 
8| 22.1548 17.8253 O38 0 |40 34 33.61|-+ 1 49.36 — 23.16 
9| [27.8108 |18.2810 |+ 22/+ .2|— .9 |40 42 19.15/— 5 54.48 — 23.89 
10} /17.5857 20.9257 |— 15)+1.4]-+ .1|40 87 47.45)— 1 24.34 + 23.23 
VI 1| 15.6803 /24.1877 0|— .6|—1.1 |40 32 48.36/+ 3 34.92 — 23.58|—1|26.2 
2} 28.4403 16.5520 0| —1.1 | —T.0 /40 83 28,55/+ 2 54.02 — 22.70|—1 
3} {27.8060 |11.8418 |— 16/—1.0|]— .4 |40 43 7.76/— 6 43.27 — 23,.48|—1|26.0 
4; |23.4858 |16.9740 |+ 9 0|-+ .5 |40 33 38.28/+ 2 44.52 - 23.28|/—2125.6 
5} |20.6853 |15.50138 |— 58} — .7 | —1.8 |40 88 34.57\— 2 10.82 — 23.19|—2 
Dec. 6 7.9370" |29.5147 |— 11] — .1 | —1.0 |40 27 16.92/+ 9 5.09 — 23.24|—2/25.6 
23 {IIL 1] D [16.3288 |25.4827 |+ 4'7/+2.5 | +2.7 [40 40 12.97\— 8 50.22 + 23.06|4-7|44.3 
5.37134 |33.1177% |-— 37] +1.5 | +2.2 |40 24 39.97/411 40.78 t 22.92|- 
25.7470 |13.8287 |— 15) +1.8 | +2.5 |40 41 23.86/— 5 1.01 22.89|--6 
25.2740 |12.6603 |— 77|— .1.|-+ .2 |40 41 40.88/— 5 18.42 a 21.85|+-7/43.9 
16.9263 21.7923 |— 18] -+1.4,)+1.2 |40 88 25.12|— 2 2.87 -+ 22.43|-+6 
26.2500 |11.2993 |—106| 11.2 | +-2.1 |40 42 40.23|— 6 17.38 + 22.60) 
17.0940 /23.9110 |4+ 21)/+ .3}-+ .5 /40 39 15.40|— 2 52.25 + 22.96|-+-7/42.6 
12.4247 23.0953 |—143]-+ .8|-+ .5 /40 31 52.91/4 4 29.17 = 22.90|-+6 
Dec.| 1 9,7820% |30,3983'¥ Oo 0 |40 27 40.70\+ 8 40.76 te 22.83|+-6)43.3 
24 {III 24.8353 |15.7573 |+ 18 0 |— .7 |40 40 12.94\— 8 49.35 — 23.06|+-7|43.5 
33.6078" | 5.8253! |— 12] —1.8 .4|40 24 39.95|411 41.74 = 23.00|- 
14,8813 |26.7197 |+ 57|—3.0 |—4.8 |40 41 23.86|— 4 59.18 ie 23.06/16 
14.4547 (26.9967 |+ 54)/-+ .2|— .5 /40 41 40.89|\— 5 16.95 me 23.28|-+7/43.2 
23.7753 |18.9718 |4+ 40) —1.2 | 2.3 |40 38 25.14 2 1.45 — 22.99/46 
14,3063 (29.1707 |+149|— .2 0/40 42 40.27|\— 6 15.86 = 23.67|-+6/42.2 
24.1877 |17.8863 |+ 33/+ .9|+ .4/40 39 15.45|— 2 51.88 ue 23.46/17 
15.1530 |26.6437 |+ 62/— .6|— .2440 41 14.46|— 4 50.41 = 23.37/46 
26.4000 [15.7607 |+ 67/— .1 0 |40 31 53,00/+ 4 28.91 = 22.59/16 
1 31.1050* |10,4520% 0| —1.6 | —1.5 |40 27 40.77/+ 8 41.70 |-+1.08|— 23,.24|+6/42.0 
Vv 12.3100 |27.4207 |— 12|-+2.9 |— .7 |40 42 45.75|— 6 21.66 a5 93.71|+-1/43.4. 
19.3173 (23,5993 |-+ 37] -+1.1]— .3 |40 34 84.03/+ 1 48.26 Bo 22.75 
14.2728 28.8573 |+110|/-+ .4|-+ .8 |40 42 19.60\— 5 56.07 + 23.00 
i 28.2217 |19.8653 |+ 31/— .8|+2.7 |40 37 47.87\— 1 24.86 a2 23,11 
vi 25.1407 |16.6877 |+ 46/-+ .2/+ .1 40 32 48.74|+ 3 33.64 a5 22.96} 0/44.0 
17.8880 24,2353 |+ 31/+ .5 |+1.2 |40 33 28.97/+ 2 53.17 ae 22.81|—1 
12.0543 (28.0690 |+ 5/+1.0!+1.1|40 43 8,04/— 6 44.54 + 23.00) —1 
17.7723 |24.2717 |+ 40 0|+1.1 |40 38 88.57/-+ 2 44.27 an 23.40|—2 
18.2770 (23.4760 |+ 27)— .3|— .3 |40 38 34,82/— 2 11.39 = 23.12|—2 
Dec. 32.2200 |10.6517# |4- 13) + .7 |-+ .4 140 27 17.12/49 4.84 ae 23.49|—2/43.7 
25 {III 1] D |16.1103 25.2080 |+ 35|-++1.4 | +1.3 /40 40 12.88/— 8 49.75 23.09|+-6|52.4 
4.78134 132.5257" |— 61] + .8 | +1.2 |40 24 39.91/411 40.63 L 22.47\16 
A. P. S.—VOL. XX. WW. 
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Levels Corrections 
forome y 8 itud Ther. 
aiding 2 A B ees Micrometer 0) 1 r oy: : 2 
: oC / VW (on yi i 
24.5020 |12.5593 |—104;-++ .7|-+ .7 |40 41 23.82/— 5 1.40/— 49/+ 20|— 9/40 86 22.04/+6 
25.4063 |12.8047 |— 67|/-+1.8 | +2.0 |40 41 40.87/— 5 18.13 |— 53/4 55/— 9 22.67/+7|52.0 
17.4017 |22.2273 |— 6/— .6|— .7 |40 88 25.18) 2 1.87|— 16/— 18/— 4 22.93/16 
24.8773 | 9.9337 |—228)+1.4|+ .9 |40 42 40.31/— 6 16.87 |— 57/+ 84)\—14 23.07/-++5/51.8 
16.4333 [23.2703 |— 6)-+ .2|}+ .4 |40 39 15.49;,— 2 52.68 /— 26/4 8i—5 22.58/+-6/51.5 
24,9827 {18.4460 |— 53)+4+1.2]-+ .7 |40 41 14.58\— 4 51.27|— 46/4 28/—10 22.98/+-6 
13.7100 |24.38703 |— 62) -+1.1|-+1.0 /40 31 53.06/+ 4 29.11 j/+ 60/4 80/410 23.17/-+5 
9.4783! 180.1137" Oe 0 |40 27 40.84)4- 8 41.22 |41.08/4  8/+15 23.37/+6/50.8 
26.5737 {11.4480 |— 87|-+ .9|-+ .2 |40 42 45.90\— 6 21.96 |— 638/4+ 17|—13 23.35|+1|50.2 
21.9587 |17.6617 |— 5)/— .8|—1.8 |40 34 34.17/4+ 1 48.53/+ 28/— egi+ 4 22.74|+1 
26.9063 |12.8427 |— 12/— .6/-+ .4 |40 42 19.75|— 5 55.19 |— 60|\—  4/—10 23.82) 0 
16.4607 |19.8190 |— 87) 41.4]-++ .4 |40 37 48.01/— 1 24.74/— 9/4 28\— 8 23.43] 0 
15.6313 |24.0823 |— 8/+ .2|-+ .7 |40 32 48.87/4 3 33.44/+ 47/+ 12/4 7 22.97| 049.2 
23.1598 [16.8090 |— 12) -11.3 | +3.2 /40 38 29.10/+ 2 53.00/+ 38/+ 62/+ 5 23.15|—1 
27.1517 [11.1857 j— 79) + .4|+1.4 40 48 8.22\— 6 44.84|— 68/4 24/—12 23.32|—1|49.7 
/24.0003 |14.9100 |— 80)+2.0 | +1.7 /40 40 12.80\— 3 49.57 |— 87/t 54)\— 7 23.33|-+-6/28.7 
33.8933" | 6.14534 0} +1.3 | +1.7 |40 24 39.84/+-11 41.00 |+1.44)/+ 43)+21 22.92/+-6|28.4 
16.9753 |28.8497 |-++-204/ 11.8 | +1.8 |40 41 23.78, 5 0.50|— 49/-+ 52/—10 23.21/-+-6/28.2 
14.0523 |26.5877 |-+ 25)/+ .7|-+ .8 |40 41 40.84/— 5 16.74/— 53/4 22/— 9 23.70|+7 
28.5933 18.7480 |4- 34] +1.9 | +2.1 |40 38 25.15\— 2 2.62|/— 16/+ 58/— 4 22.91/+6 
14.1067 |28.9797 |+-183)4 .8|-+1.2 |40 42 40.382/\— 6 16.07 |— 67 + 28)/—14 23 .82/-+5 
28.7340 {16.9140 |-+ 14) 412.0 | +1.2 |40 39 15.50\— 2 52.83 |— 26/4 48i— 5 23.34/16 27.9 
15.5997 |27.1217 |+ 92) +2.2 | +2.6 |40 41 14.56|\— 4 51.31;— 46/+ '70/—10 28.39)-+-6 
27.2557 116.6220 |+-122) 12.0 | 4-2.9 |40 381 58.11/-+ 4 28.94|+ 60/+ 70/410 23.45)45 
30.3373" | 9.75304 0} +1.9 | +1.9 |40 27 40.90/+ 8 40.02 |41.08/+ 55/+15 22.70|+-6)27.1 
15.8253 |80.4460 |4-258 0|— .1 /40 42 46.04,— 6 2265/— 63/— 2/—18 22.61/+-1/25.9 
18.3097 22.6047 |+- 138] —3.7 | —3.5 |40 84 84.32/4+ 1 48.53 /+ 28/—1.05/+ 4 22.12/4-1 
12.2753 |26.4207 |— 56 0|-+ .8 |40 42 19.91\— 5 57,22;— 61/4+ 10)—10 22.08} 0 
21.9867 |18.6630 |+ 8)/— .2/+ .7 |40 87 48.16, 1 23.99|/— 94+ 6/— 8 24.11) 0 
24.2400 |15.7913 0) + .8 | +1.8 |40 32 49.01/4+ 8 83.44 |+ 47/+ 36/+ 7 23.35) 0 
17.2930 [24.1723 |-+ 28] — .6|— .8/40 88 29.25/+ 2 53.86/+ 38/— 14/+ 5 23.40|—1]25.3 
13.4787 |29.4697 |+137) —1.3 |+1.4 |40 48 8.36\— 6 44.82/— 68/— 3/—12 23.21/—1 
18.3983 [24.8930 |+ 63] +1.0 | +1.3 40 88 88.81/+ 2 44.23/4+ 87/4 33/+ 5 23.79|—2 
18.6083 |23.8270 /4- 87/-+1.3 | +1.2 40 38 85.04/— 2 11.94/— 18/+ 386/— 4 23.24|—2 
32.3593'" |10.8103% |-+ 15) +1.7 | +1.1 40 27 17.82/49 448/41.17/4 42/20 23.54/—2/25.1 
27.1410 |11.9863 |— 40) +2.5 | + .5 |40 42 46.18\— 6 22.73 |— 63/4 47/13 23.16|+-1/32.8 
21.3270 |17.0840 |— 24) —1.5 | — .2 /40 84 34.46/+ 1 48.39|/+ 28/— 26/4 4 22.91)41 
27.6547 |13.5623 |/+ 52)+ .9 | +1.0 |40 42 20.06— 5 56.18 /— 61/4 28/—10 23.50) 0 
18.0277 [21.4813 |— 7 +4.1 | +1.5 |40 87 48.30\— 1 25.97/— 9/4 86i— 3 23.07] 0/82.6 
15.8017 |24.2570 O} + .2|— .4 |40 82 49.15/4+ 8 88.60/4 47/— 2/4 7 23.27 
24.8893 17.5337 |+ 38) — .6|— .6 |40 88 29.39/+ 2 58.29/+ 38/— 18/4 5 22.93/—1 
28.2307 |12.2867 |+ 23) — .6 0 |40 43 8.49\— 6 44.10 |— 68/— 10/—12 23.49|—1/32.4 
22.4663 17.2300 — 5/— .9|— .5 /40 38 35.16/— 2 12.26 |— 18\— 21/— 4 22.47/—2}32.1 
8.2587 129.8127!" |— 9) — .5 9 |40 27 17.42)+ 9 4.48/+1.17/— 20/+20 23.07/—2|32.4 
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The Constant of Aberration. 


The present series appears to be much better adapted to an investigation of the 
aberration constant than that of 1889-90. The period covered is from October 10, 1892, 
to December 27, 1893—443 days. Hence if we assume, in accordance with Chandler’s 
conclusion, that the latitude variation may be represented by two periodic terms of 12 
and 14 months respectively, this series will embrace something more than the full term 
of 14 months. The investigation of this constant formed an important part of the 
original plan. To this end as many observations as possible were obtained in the 
morning and evening when the effect of aberration was near the maximum. 

The distribution in Right Ascension of the 107 pairs of stars was as follows: 


hh hh hh hh 

0-1 4 Pairs. 6-7 4 Pairs. 12-18 5 Pairs. 18-19 5 Pairs 
13. 4a eee V=18) 96" 9. = 13 =item 3s) <s 19-20 5 * 
2-8 ord se 8= 9 §. 14-15 5 * 20-21 5 “* 
3-4 4 * 9-10 4 «* 15-16 5“ 21-22 4 << 
45 5 ‘<“ 10-11 4 <“ 16-17 4 * 22-28 56 “* 
b=6. Oe 11-12 4 “* 17-18 4 <“ 238-24 4 * 


There were in all 1780 observations before midnight and 1120 after midnight. 
We may then write for each observation an equation of the form 


+A + aw + By + ye + du+e0-+T0= 9, 


where ¢ is an assumed value of the latitude, 

A a constant correction to dp, 

az + Gy terms depending upon the 14 months period, 

yz + du terms depending upon the annual period, 

ev correction required on account of erroneous aberration, 

tw secular change in the latitude. 

The longer period was assumed to be 430 days as indicated by the interval from 
maximum to maximum and minimum to minimum of this series in connection with that 
of 1889-90. The daily change of the argument is therefore 0°.837. 

Let » be the number of days from January 1, 1893, 


Ne 20 4037/7, 
© = the sun’s true longitude, 
Then 


a= cos J, {— sin; 
y=cos ©, ="sin ©. 


384 THE SAYRE OBSERVATORY. 
Referring to the American Ephemeris, the reduction for aberration is 


Ce! + Dd’. 


Let us call this quantity 4, and write for C, D, ec’, d’ their values, 
Then 


k = 20/'.4451 [—cos » cos © (tau © cos 6d — sin a sin 0) — sin © cos a sin 0], 


20.4461 being Struve’s value of the aberration constant. 
Let v be the correction which this constant requires to satisfy the present series, A‘ 
the corresponding correction to /, 


Then 


- 00.40 py tee k 
20.4451 + 0 — & + Ak? from which 4k = 50 gas; 


e of our equation therefore equals 


k 
20.4451" 


It will be convenient to modify this expression as follows : 


: k 20 k Pua nacre: 20 
Ak= a9 90,4461°— 20%: Where o = 50 dani & 


v’ will be the unknown quantity of our equation. 
From a morning and evening observation on any pair, which observations will be 
separated by an interval of several months, we have a pair of equations, 


tAtadatBytyetduteo tiwag 
bo + A alla + Bly + ye + Ou + eof 4+ 1! = o! 


By subtraction 
(a — a!!) g = (p! tim Blt) y+ (y’ —y!') 2g +- (d! = oll) U + (e! — e/!) r) + (r! ated Til) o= op! ES, gl, 


For the purpose of illustrating the method of forming these equations the data for 
one pair of stars will be given in full, viz. : 


h m s ° / “ 
B,A, CO 16 Mag 4.9 a0 4 48 6 45 29 15 
LL 220 7.5 Olas 74 85 538 25 


Difference of zenith distance approximately 10/. 
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Date x y Zz u p 7 Observed 
1892 December 2 1 +0.911 —0.411 —().824 —0.946 +0.721 —0.076 3.18 
3 2 + .918 — .397 — .807 — .952 -- .720 — .074 2.91 
5 3 + .928 — 871 — 274 — .962 + .717 — .068 3.00 
10 4 + .953 — ,802 — .189 — .982 + 705 — .055 2.84. 
P.M 12 5 + .962 — 274 — 155 —0.988 + .699 — .049 8.16 
20 6 -- .987 — .160 — .012 —1.000 + .665 — .028 8.04 
23 q + 9938 — 117 + .042 —0.999 ++ .650 — .019 3.18 
26 8 + .997 — .073 + .096 — 995 + .632 — .011 Sule 
27 9 --0.998 —0.058 +0.113 —0.994 +-0.625 —0.008 2.67 
1893 July 19 10 —0.976 -+0.218 —0.457 --0.889 —0.453 --0.551 3.75 
23 11 —0.987 + .162 — 615 - .857 — .414 + 562 3.50 
August 2 12 —1.000 -- .016 — .649 -+ .760 — .310 + .589 2.85 
5 118} —1.000 — ,028 — .687 +- .727 — 227 + .597 3.02 
A.M. 6 14 —0.999 — 044 — .700 + .714 — .266 -- 600 3.30 
q 15 — .998 — .058 sao ANA —- .403 — .255 + .608 2.89 
8 16 — .997 — O71 — 123 + .691 — .244 -- .605 3.67 
9 ali — .996 — .087 ae ou + .678 — 232 -- .608 8.25 
10 18 —0.995 —0,101 — 0.747 -+-0.665 —0.220 -+-0.611 8.85 
1893 October 31 19 —0.269 —0.963 —0.783 —0.622 +-0.641 0.835 3.48 
November 6 20 — .182 — .983 — .712 — .705 + .672 +- .852 38.65 
10° 21 — .125 — .992 — ,661 — .750 ++ .689 + .863 8.68 
11 22 — .110 — .994 — .648 — .'762 + .693 + .865 3.72 
15 23 — .096 — .995 — .593 — .805 + .705 + .876 3.38 
16 24 — .038 — .999 —= TD — .815 + .708 + 879 3.39 
P.M 26 25 -+- .108 — .994 — 427 — .904 + .723 + .906 3.18 
SOM One 160 = 198604) = 869 (| — 982) 799 | 4+ ois 3.57 
December 4. 27 + .223 — 975 — .296 — .958 + .719 + .928 3.03 
6 28 + .252 — .968 — .260 — .965 ae 715 + .984 3.58 
W 29 + .266 — 964 — .244 — .970 + .713 + .987 2.91 
10 30 + .807 — .952 — .192 — .981 + .%06 - .945 2.78 
13 81 + .849 — 937 = $139 —0.990 + .696 + .953 3.18 
20 82 + .448 — .896 — .016 —1.000 + .667 + .972 8.46 
24 33 + .494 — .870 + .054 —0.998 + .645 + .988 3.28 
25 34 - 507 — .862 O71 — .997 + .6389 -- 986 2.67 
26 35 -L0.520 —0.854 --0:091 —0.996 +0.633 -+0.989 3.70 
These are now combined by subtraction as follows: VP 
10— 1 —1.887 +0.629 —0.133 +1.835 —1.174 +0.627 ; +0.57 0.64 
11— 2 — .905 + .559 — .208 + 809 —1.134 + .6386 | -+ .59 64 
R— 3 — .928 + .3887 — .875 + .722 —1.027 + .657 | — .15 .64 
138— 4 — .953 + .274 — .498 + .709 —0.982 + .652 | + .18 64 
14— 5 — .961 -—- .280 — .545 ++ .702 — .965 + 649 | -+ 14 64 
15— 6 — .985 + .102 — .699 + .703 — .920 —- .631 | — .15 64 
16— 7 — .990 + .046 — 765 + .690 — .894 + .624 | + .54 64 
1%7— 8 — 9938 — 014 — .831 + .673 — .864. .619 | + .13 64 
18— 9 —1.993 —0.0438 —0.860 -+1.659 —0.845 +0.619 +1.18 0.64 
19 , 20—10 +0.751 —1.191 —0.290 —1.553 +1.109 +0.293 | —0.19 0.72 
21, 22—11 + .870 —1.155 — .140 — .613 +1.105 + 802 | + .20 72 
23 , 2412 +0.933 —1.013 + .063 — .570 +1.016 + .289 | + .58 72 
"25 , 26—13 +1.137 —0.962 - ,292 — .645 +0.999 + .3815 + .36 72 
27 , 28—14 + .236 — 927 + .422 — .674 + .988 + .331 | — .00 72 
29 , 80—15 + .284 — .900 + .493 — .679 ++ .966 + .837 | — .07 12 
31, 32—16 + .393 — .845 + .645 — .686 + .925 - .857 | — .85 72 
83 , 834—17 + .496 — .79 + .797 =—— 670 + .874 + 3876 | — .27 42 
35—18 +1.515 —0.753 0.888 = 1.661 -L0.853 0.878 | — .15 0.64 


The following system was adopted in the assignment of weights. 

Each evening or morning equation was given the weight unity where the difference 
of zenith distance was less than 15 revolutions of the screw (12’.6). 

In case of pairs whose difference of zenith distance was 15 or more revolutions 
the weight 2 was assigned. 


(Su) 
CO 
Od 
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As appears from the example, one morning observation may be combined with the 
mean of two or more evening observations or vice versa. Also the same morning or 
evening observation may enter into more than one combination; thus the morning 
series above is combined with each of the two evening series. 


p, and p, being the weights of the two equations, that of the difference equation is 


When the same observation equation enters into two combinations it is given in each 
the weight 0.7p. 

When two equations are combined into a single mean it is given weight 2p. 

When three or more equations are so combined the weight is 3p. 

In this manner were formed 1219 difference equations. When these resulted from 
observations made within an interval of a few days, their coefficients were so nearly equal 
that frequently it was advantageous to combine several difference equations into one. 
This was done by the simple process of addition, as shown by the following example : 


/ —_ 
—1.09e ++ 1.65y + 1.152 + 1.850 — 1.420’ + 0.650 —= + 0.27 7p == 0.64 


— 117 S060) 0 Sas 140 es 0.64 
— 1:20 1:58, <= 1,06) 4-146 (= 180 5 ts pe 82 0.64 
1,05 006 116. 1-80 1-26- e 0.66 a etids 0.76 
it AL E68 419: a el ie Oe een cd 0.64 


= —5.62e + 8.12y + 5.592 + 6.89~ — 6.720’ + 3.2380 = + 0.89 Vp = 0.305 
—1.71e@ + 2.48y + 1.702 + 2.10w — 2.050/ + 0.99% = + 0.27 


The final equation is the summation equation multiplied by the square root of its 
weight. The latter is derived as follows: 

Let py. p.....pn be the weights of the individual equations, the weight of the 
sum 1s 


(Pi + Po+ +++ Pn) 
(Pa - Ps +++ Pn) + (Pi. Dg--++ Pn) +. +--+ Q---- Pn4- Pn) 


By tabulating the terms of this formula for the values of p which actually occurred 
the weights were readily computed. 

By this process of combining, the number of equations was reduced to 190. These 
were then combined in the usual manner to form the six normal equations which follow : 


697.138762 — 82.5669y + 239.83092 — 619.6463u + '74.382620/ — 198.3408e = — 32.0961 
+ 664.8606y + 544.59322 + 408.5788~ — 99.25130/ — 34.9485 = — 76.1616 

+ 639.91102 + 538.0980u~ — 32.93670’ — 63.8902w = — 84.4461 

+ 757.0544 — 112.388980/ + 107.78060 = — 12.3723 

-++ 426.7316’ + 1.47860 = — 35.2360 

+ 126.1514< = + 13,5975 
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From which 


% = — 1119 + 1255 
y =— .1090 + 0587 
2 = — .0029 = 0723 
u = — .0572 + 0642 
vo’ = — .1036 + 0092 
w= — .0497 - 0919 


The probable error of a single equation of weight unity is + 0.182. 

It was obvious from the beginning that the 12 and 14 months terms could not be 
separated with any certainty in a series of this character, but it was thought best to 
include both for the sake of completeness. The indetermination is shown very conspicu- 
ously by the large probable errors of x, y, z and wu. This however does not extend to v’, 
the probable error of which is quite small. 


Remembering the significance of v’ we have for the correction to Struve’s value of 
the aberration constant 


20.4451 
—99 0% = -1059 
Struve’s value 20.4451 
Resulting value of constant 20.551 + 0094 


A second solution of the normal equations, excluding the terms depending on the 
annual period, gives 


x = — .0563 + 0097 


y =— .1381 + 0074 
o/ = — .1048 + 0090 
w = — .0177 + 0227 
Correction to Struve’s constant = -4- .1071 
Value of constant 20.552 + 0092 


Finally, if we exclude from our equations every unknown quantity except v’ we 


find 


Correction = .0844. 
Constant 20.5380 


If the latitude variation can be represented by a single periodic term, and the 
observations were distributed uniformly throughout a full period, both with respect to the 
right ascensions of the stars employed and the date of observations, we should expect the 
last two values to be practically equal. 

The value 20’.551 is that adopted in the reduction of the present series. The 
necessary correction to the latitude is found by multiplying the computed reduction for 
aberration by the factor .00518. This correction is applied to the individual values of 
the latitude before beginning the process of adjustment which follows. 
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Adjustment of the Latitude. 


The corrections necessary to reduce the separate values of the latitude to the mean 
of the groups were derived in the usual manner and are as follows: 


Pairs 

Crep 1 2 2S. 4 | 5 6 7 8 9 10 11 12 
I + 6/+11 |]— 9|}— 7 | —20 | +4 10 | 4 37 |) — fh —14|),— 3 

II — 138 |+ 3 f— tf |) 440 1 aa | ee i reno 

LEE + 4) +46 | 4-21. | + 1°14 10 |= 24 f=) oe oy ee ee 

IV — 21 |— 9 | +26 | + 7 | 4 18 | 8) 6 es | 

Vv +18 | 418 |—14 | — 6 P— OL | 4221 fas ee 

VI —92 | 4 5) — 237 | 4 5 1448 | 84 8 ee ees ee lee 
VII — ¢6/+ 5|— 2 |+ 13 |— 6 | + 28 P+ e4 | — 6s 0 
VIII a TF a Be eee ean eed et ee ee 

IX 416 |=] 91) 20 Lee Di es ge 

x +41 |— 36 |— 30 |+ 33 |— 0|— 1|)— 7|— 4 |—12 | 4 16 

cor + 6/+ 2/— 0 |— 42 |— 31 | + 21 | + 12 | + 82 


Final Adjustment. 


* 


The foregoing corrections are applied where necessary to the individual latitudes, 
and the means for each group formed for convenient intervals, averaging for this series 
23 days, we have the following values: 


I No. LE No. TI | No. IV’ | No.}} V No. VI No.|| VII | No.|| Vill | No. IX | No. x No. XT “Ne: 
Oct. 10-bet. 24) 8/350 |58|| 8428 [15] | |) ‘sdi7|56)) 3356 |30)) iz : ‘ é 
Oct. 30-Nov. 26) 3.269 |27 | 3.066 | 46 | | 8.065 | 4 |) 3.240 | 38 |] 3.149 /25 | 2.890] 2 
Dec. 1-Dec. 28 2.879 | 37 |] 3.111 | 70 erties 3.210 | 40) 3.016 | 25 
Dec, 25-—Jan. 20 | 8.162 | 88 || 3.184 | 49 | | | 2.970 | 49 | 2.648 | 14 
Jan. 21-Feb. 16 | | || 8.040 | 56 || 8.011 | 67 | 2.892 | 82 | 3.040 | 21 
Feb. 20-Mar. 17 | | || 9.956 | 45 || 8.011 | 73 2.939 | 12 || 2.966 | 40 
Mar. 18-Apr. 18 | | 3.058 | 58 | 2.991 | 62 || 2.988 | 34 || 2.966 | 25 
Apr. 28-May 7| 2.765 | 8 | 2.895 | 25 || 2.916 | 43 2.955 | 27 
May 8June 7] 3.157 |18 | | 2.961 G1 |) 2.948 | 42 || 8.149 | 16 
June 8-—June 80) 8.094 | 57 | 2.922 | 22 | i 2.914 | 42 || 3.069 | 65 || 3.270 | 7 
July 2-JTuly 27| 3.167 | 26 || 8.006 | 57 || 3.344 | 21 | 3.141 | 78 || 3.158 | 58 
July 29-Aug. 10] 8.100|47)) 8.282 | 67 | 3.186 | 42 
Sept. 2-Sept. 23] 3.223 | 62 3.210 | 67 || 3.128 | 17 8.324 | 50 
Sept. 27-Oct. 24) 3.289 | 99 | 3.179 | 7 8.255 | 70 
Oct. 25-Nov. 16 8.205 | 62 |] 8.456 | 59 8,887 |104 
Nov. 26-Dec. 6 8.119 | 81 || 3.829 | 40 3.066 | 8|| 3.844] 7 
Dec. %-Dec. 27 3.169 | 90 8.812 | 82 || 8.248 | 42 


with the weight given by the expression 


In what follows, the differences of the consecutive values of the latitude are given 
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When two or more differences are combined the value of p given is the sum of 
The primed values of I-II, etc., refer to the morning series. 


the individual weights. 


ell +. 
te til — 
fieetv. +. 
nya s Vv +. 
av l — 
Vie VIE + 
pv Tl — 
Milla 1X 
rh. x — . 
eaoxt —. 
a ae 


CES 00 Pee 


129 


282 


028 
029 


.055 
.067 
021 
013 


155 
046 


076 


Representing by 1.2, 2.3... 
. the conditions to be satisfied are expressed by the 29 equations following : 


p 
2.87 


2.42 
2.14 
38.05 
2.78 
3.00 
1.58 
2.49 
2.55 
3.96 
8.88 


Ip 


8484 
4182 
4673 
0279 
0097 
8008 
6829 
4016 
8922 
2525 
.1126 


I T+. 
II- Ill/ —. 
We Wi at 
Vier Vl — 
VI- VII’ +. 

Vil -VUI'-+ . 
VITI- IX’ + 
IX- X/—. 
X- XI’+. 


BX 125 Sp KOs, HOSS BOS 


166 
338 


P 
3.38 


1.53 


1.36 
2.66 
1.51 
1.78 
1.09 
2.21 
1.44 


1-p P 1~p 

2959 I- Il’ + 110 4.83 .2809 III- VII — .099 
16586 8 (= 111? ==",182) 2.76. «8628 IN 1X9 614 
foe LY wee.018) 3,938 8106 We TIl-9 9X. 2 203 

UiSR el ny oe 02408 5,450 8 1835 we iLl-= Xl, 180 
B60 lw, 067. 81887-2611) © I1V- VII -P 164 
6628 I- VII’ — 180 0.61 1.6398 IV- X — .000 
5780 I-VIIIT + .088 2.06 .4854 V- VI" + .006 
Off tlio) =. 286-0 4.77, 1.2096 aV-. IX. 42119 
sonal waves 1. 16lest ob ae.6402.5 1 -V=,. X. 2.018 
Go44e Ti- enV == 057 491.09.2920" 9 V-) XE) 2 106 
Pre Vil 14 eo eV EX 072 
TI-VIll — 187. 1.49 6711 - Vie aXI +2 .092 

TI- IX + .008 1.44 .6944 YiI-- xX 4+ .009 

TI- V — .058 3.03 .3300 VIII- MI — .104 

Ii- VI + .029 7.22 .1885 IX- XI_~— .254 

.. 1.2’, 2.3’ ... . the-required corrections to I-II, 


P 
2.59 


1.02 
1.65 
4.12 
2.45 
1.53 
2.19 
2.17 
38.72 
1.27 
1.03 
1.75 
2.20 
2.93 
1.76 


Ip 


8922 
.9804 
6061 
2427 
4082 
6536 
4566 
.4608 
.2688 
7874 
.9'709 
5714 
4545 
8413 
5682 
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Se. 


is 


~ oD 


+e 


Pow oe 


+ate 


oo fe «Nites. ee, Wa. es 


+otntatitsts 


+/+) 4} 4 ]4 


7.8/8.9 |9.10)10.11)11.1 


2.38/3.4/4.5/5.6/6.7 


Tes Mea 


2 


+/+) +) +) 4) 4 


2 
ee 
+ 

1.2 


le 


1 
2 
3 
4 
5 
6 


7 


Employing the usual method of solution by correlates we derive the following system 
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| 3922 
| 6711 
| 4082 
| 9804 
| 4608 
| 6536 
| 9709 
| 2688 
| 4545 
5714 
| 3418 
| 1.6893 
| 5682 
| 4854 
| 6944 
6061 
| 3623 
| 2427 
| 3106 
7874 
| 2320 
| 1835 
| 1385 
2 
3300 


+ | + : ~ 
6.9 10.5 063 


+ | 4+ — 
7.10/11.6 000 
+/+) — 
Se ary 179 


Alera ai = 
9.11} 1.8 ee 
29 049 


of normal equations, the reciprocals of the weights being given above. 
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hy hy Kg ky ks Ke ky kg Kg Kyo Ay Kye Kys Ay Iys 
1/4.0416| .8484| .8484] .4182/ .4182] .8279| .8597| .3597|.3388| .6320| .4016| .3922| .2525| .8484| .4182 
2] .3484) .6443) .3484 13484 
8] .8484| .3484| .5798 3484 
4| 4132 1.0668} .4132 4182 
5| .4132 -4132| 6228 4182 
6| .8279 1.0682 
"| 3597 .71356| .8597 —.3759 
8| .8597 .8597| .8163 | 
9.3888 9956 
10] .6329 1.2109 —.5780 
11] .4016 1.3190 
12} .3922 8447 
13) .2525 9469 
14] 3484] 3484] .3484 —.8759 1.6306 
15] .4132 .4132| 4182 —.5780 2.0545 
16] .4673 —.9174 
17] .8279 .8279 —.4525 
18) .8597 .8597| .8597 +, 4525 
19]. .3338 8338 —.6944 
20) .'7455 6329 
21] 5142 4016 
22| | .'7573 |—. 2959 .8922| °.2525 
28] .8651 |—.2959 —.6536 2525 
24| | .1126 
25] .1126 —.171858 
26 —.2309 
27 6452 
28 —.2096 
99 —.4566 
The solution of these equations gives for &,, ,— —, and finally 1.2, 2.8, ... the 
ky = + .1785 ky, = — .4001 ky, = — .0049 ov, 1.2=.8484( +h, 
k,=— .1797 Ig = — .1621 King = — .0485 2. 8 = 4182 (+k, 
k,y=+ .1912 | Iys = — .1898 Kegs = + .1050 8. 4 = 4673 (ky + Iyg) 
k= + .2558 ky = — .0955 King = + .0163 4, 5 = .8279 (ky +h, 
k 5 = — .3257 Iys = — .0894 Kegs == — .0880 5. 6 = 8507 (ky +h, 
k= — 1661 Iyg = — .1624 King = + .1782 6. 7 = .8883 (k, + ky 
ky = + .2128 ky, = + .0010 Kony == ++ .8659 7. 8 = 6829 (k, + hy 
ks = —.4010 kyg = — .0650 Ing = — .8081 8. 9 =.4016 (k, + ky 
ky = — .0557 Ing = — .0841 Iigg = — .8262 9.10 = .8922 (ky + hay 
Ky = — .845 Keg) = — .0830 . 10.11 = .2525 (kh, + fas 


11. 1 == .1126 (hy + fg + hon 
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Kye Kay Kg Kay Kegg Kay Keg Kg King Kegs King Kooy Keng King 

-4673| .8279| .3597| .88388) .7465| .5142) .7573| .8651) .1126| .1126 —.167 

— 2959 |—.2959 —.087 

—.2809 + .019 

—.65386 + .106 

—.2096 + .004 

8279 —.7358 —.053 

. 3597 + .089 

8597 —.4566| —.061 

8883 ==, (022) 

-6829 —. 277 

—.9174 .4016 —.309 

— .4525 |—.4525 8922 =O, 

—.6944 -2525| 2525 —.062 

6452 +.079 

+ .062 

2.2738 —.000 

1.8948] .4525 + .050 

4525 | 2.0519 —.063 

2.0586 —.000 

9.7261| .1126} .1126] .1126) .1196| .1126 —.179 

.1126| 1.5678} .1126] .1126]) .1196] .1126 — .082 

.1126] .1126] 1.7476] .6610) .1196| .1126 + .049 

.1126] .1126| .6610| 1.9207| 1126] .1126 +.061 

.1126] ..1126] .1126] .1126] .7176| .1126 + .024 

1126) .1126] .1126) .1126] .1196| 1.9459 — .025 

6464 |— .2320 + .029 

—.2820| .87'72 + .218 

5728 |—.1885 | —.063 

—.1385| .9267| —.076 

values following : 

+ks+ ky) = + .088 @, 1. 2/ = .2059 (— hs + hag + Mas) = + .070 
+ hs + hs) = + .008 1. 2/7 = .2309 (— hg + King) = — .008 
= -+ .008 2. 3/ = 6586 (— hy + Ays) = — .098 
+ kz) = + .004 2. 8// = .2096 (— & 5 + Kg) =|. 004 
+h et Kas) == — 027 4.°5 ! = 17358 (— & g + hes) == 2057 
+ kag) =-+ .018 5. 6/ = .8759 (—&, + hy) = —.116 
ab Kin) == — .128 5. 6/ = .4566 (— hg + dng) = + .0384 
+ fyi) = — .091 6. '7/ = .6623 (— kg) == -- 087 
ae Kes) = — .018 7. 8’ = 5780 (— kyo + As) =-+ .149 
Ae Kegs + Fag) = -- O11 8. 9/ = 9174 (— ky + ig) = + .218 
AE Keag + Kigg + King + Hog) = + .014 9.10’ = .4525 (— keyg + dy, + Hyg) = + .044 
10.11 ’ = .6944 (— Iyy + Mig) = + 078 
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Applying these corrections to the differences of consecutive groups given on page 
389 we obtain the corrected differences, viz. : 


Laer 096 Therefore we have 
T- Il — .240 
Ill- IV + .020 Lie. 096 
IV- V + .025 II] — .144 
V- VI — .028 LV — .194 
VI- VII + .054 . V — .099 
VII-VIIL + .107 VI — 127 
Vill- 1X 4 104 VIL — .078 
pe Seay HEY VUI + .034 
Rake 057 [X08 
XI) a 2068 X — .004 - 
= + .001 ps hk 


Adding .033 to each group in order to make the algebraic sum of these eorrections 
zero, we find the following series of values which are applied to the results from the 
different groups to reduce ail to a homogeneous system : 


I + .033 VII — .040 
It + .129 VIII + .067 
Lee 1X 4171 
IV — .091 X + .029 
V — .066 XI — .028 
VI — .094 


Final Values of the Latitude. 


In the final results which follow, all known corrections and reductions have been 
applied. The tabular statements seem to require no further explanation. The folding 
sheet gives the individual results as derived from each observation. The probable error 
of a single determination, derived from these values and therefore including the 
outstanding error of the adjusted declinations, is as follows : 


Group I 0.209 393 Observations. 
Tt 200s e848 “ 
III —_.206 382 “ 
IV 227, s«172 “ 
Vo .268-~Ss«(99 «“ 


Var 239 359 mu 
VII 194 151 Oe 
VIIl 194 181 id 
IX 238 139 cs 
x 207 248 a 
XI 196 228 He 


Mean, 0.216 —-2890 «“ 


Daily Mean of Latitude. 
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Weighted Mean Date % P.M. No. 6 AM. 
iii Mt 

1892 October 107 3.397 18 8.095 
November 12 8.284 73 8.106 
December 10 8.004 107 8.147 

1893 January 5 3.048 87 2.991 
February 3 2.944 123 3.065 

March 3 2.900 118 8.025 

March 31 2.958 121 2.977 

May 1 2.9388 68 2.895 

May 18 3.066 103 8.155 

June ay 3.093 107 3.115 

July 13 3.162 128 8.170 

August 4 3.1381 107 8.172 
September 11 3.271 112 3.107 

October 7 8.315 176 8.185 
November 6 8.343 121 3.247 
December 2 3.232 val toa lallys 
December 18 3.059 90 8.194 


No. Mean A.M-P.M. 
11 “1 

95 3.246 — .802 
69 38.170 == We 
66 3.076 + .148 
63 3.020 — .057 
58 3.004 E121 
53 2.962 + .125 
58 2.968 + .019 
35 2.916 — .048 
34 8.110 + .089 
86 3.104 + .022 
94. 3.166 + .008 
67 3.152 + .041 
84 38.189 — .164 
70 8.250 — .130 
104 3.295 — .096 
15 8.174 — .115 
14 3.126 + .185 
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